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ANY acres of irrigated land have become water- 
logged. These must be drained before they can 
be brought back into use. 

Much irrigated land contains an excess of alkali 
salts, and underdrainage is the basis of the process 
for their removal. 

Water which percolates deep into the soil following 
irrigation often raises the water table to the height of 
the plant roots, where it may remain to the detriment 
of plant growth. Underdrainage will remove this 
useless water. If in sufficient quantities, water so re- 
moved may be used again in irrigation. 

Seepage or storm water from adjacent tracts, or 
water released in the soil by spring thaws, may escape 
either through surface drains or through underdrains. 

Underdrainage prevents the heaving of soil by frost, 
and permits its ventilation. It makes possible a 
warmer soil, permits deeper cultivation, and, by allow- 
ing the plants to develop a deeper and more complex 
rooting system, actually increases the available mois- 
ture in the soil, instead of decreasing it; by the same 
means it increases the available plant food. 

Methods of draining irrigated farms are described 
in this bulletin. 
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NEED OF DRAINAGE ON IRRIGATED LANDS. 


HE drainage of irrigated lands differs from the drainage of wet 
lands generally in that it is undertaken to protect or reclaim 
from injury lands which have been reclaimed from their naturally 
desert condition at considerable expense and have been productive. 
The drainage of such land means not merely an addition to the pro- 
ductive area but the saving of the original investment in such land 
in the farm of which it is a part and in the water supply for irri- 
gation. 

Practically every valley where irrigation has been carried on for 
any considerable length of time has lands in need of drainage. 
Several classes of land in the irrigated section require artificial drain- 
age in order to be fitted for crop production. 

There are natural swamps, but these constitute a minor portion of 
the area under consideration. They are located chiefly near lakes 
or watercourses and represent surface accumulations of water. They 
usually are given over to tule growths, bulrushes, and willows. 

Other naturally wet areas are those at the foot of mountains, 
benches and steeper slopes, produced by seepage from precipitation 
and from melting snows in the mountains or by springs fed from 
thé same sources. 

Of more importance than either of the foregoing, however, are 
the man-made swamps, the products of irrigation. The area of such 
lands constitutes by far the greatest portion of the entire area in 
need of drainage. Lands accustomed to a very limited supply of 
water from natural precipitation have been drenched with water 
and subjected to additional supply from leakage from res-rvoirs, 
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canals, and ditches. Some areas have been converted into veritable 
swamps; others have become waterlogged, so that they are impas- 
sable by man or beast and unproductive of useful vegetation; and 
still others have passed from a condition of high productivity to 
one fit only for wet pastures (fig. 1). These conditions are readily 
recognizable, and the need for drainage is evident, but the result of 
overirrigation manifests itself often in an accumulation of alkali 
salts on or near the ground surface, without any apparent wetness 
(fig. 2). Drainage is the only cure for the latter condition. 

As often as not the lands injured by irrigation are not those on 
which the water is applied, but lower lying lands injured by the 
seepage from the higher land. 

In addition to the foregoing there are natural alkaline areas that 
never have been farmed. The reclamation of these lands must be 
based on underdrainage. 


BENEFICIAL RESULTS OF DRAINING IRRIGATED LANDS. 


As the fundamental basis of all other benefits drainage removes 
excess water from the soil, whether on the surface or contained as 
free water within the pores of the soil. 


Fic, 1—Bog produced by overirrigation, 
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Vic. 2.—An alkaline barren absolutely devoid of vegetation, formerly cultivated but 
ruined by overirrigation. 


In many instances irrigated land contains an excess of alkali salts 
and underdrainage is the basis of the process for the removal of 
these harmful salts. All of these salts are soluble in water and the 
soil water usually is charged with them so that in effecting its re- 
moval the salts in,solution are removed. Where surface accumulation 
of salt powder or crystals has taken place, it usually is desirable to 
apply water artificially to leach out the salts. 

Precipitation, which plays such an important part in drainage 
problems in humid sections, is of little importance in the irrigated 
section, but there are occasional heavy rains that are capable of doing 
damage by raising the ground-water table at just the wrong time. 
Underdrainage will take care of most excessive precipitation. 

Of far greater importance than precipitation is the water lost by 
deep percolation following irrigation. In undrained soils this often 
brings the water table up around the plant roots where it may remain 
for a dangerous length of time. Underdrainage will take care of 
such excess unless unusually wasteful methods are used in irriga- 
tion. 

Water making its way onto a tract by waste or seepage, or storm 
water from an adjacent tract, may be taken care of without injurv 
to the tract by underdrainage supplemented ‘by surface drainage, if 
desirable. 
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A sudden change of temperature in the spring often supplies a sur. 
plus of water by the melting of snow or of frozen ground. Under- 
drainage takes off such water. 

Underdrainage also prevents the heaving of soil by frost. 

It is manifest that air and water can not occupy the same space at 
the same time and that water, being heavier, will crowd the air out 
of the soil pores. It is well known that for proper plant develop. 


Fic. 3.—Wet pasture after reclamation by drainage. 


ment the presence of air in the soil is as important as a supply of 
moisture. When underdrainage is installed and the excess water 
moves downward, the air is admitted into the soil and the proper 
balance between the air and moisture content is restored. 

When organic matter decays in the absence of air, as in water- 
logged soils, gases and other substances are sometimes formed which 
are injurious to plants. This is avoided by underdrainage, which 
enables the air to enter the soil. 

It takes much more heat to raise the temperature of a given volume 
of water one degree than it does to raise the temperature of the same 
volume of air to the same extent. Underdrainage makes possible.a 
warmer soil. This result is of importance at all seasons of the year, 
but particularly so in the early spring. Underdrainage induces 
earlier germination and the season is made both earlier and longer. 

Another early spring advantage of underdrainage is that plowing 
may be done much earlier and with greater ease. 

Underdrainage improves the texture of the soil itself by develop- 
ing the drainage pores, promoting root development, permitting 
deeper cultivation, ete. 
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Underdrainage increases the available depth of soil, which is 
equivalent to increasing the available acreage without adding mate- 
rially to the amount or cost of manipulation. 

Underdrainage provides a control over irrigation and permits a 

more economical use of water, preventing surface waste when large 
heads are used. 
- Underdrainage increases the available moisture in the soil itself 
instead of decreasing it, as is feared by many. This is due to the 
fact that the plants develop a deeper and more complex rooting sys- 
tem which comes in contact with a greater number of soil particles 
and consequently a greater surface of water film area. 

For the same reason, underdrainage increases the available quan- 
tity of plant foods (figs. 3 and 4). 

Deep rooting in the spring also insures against drouth. Plants 
growing on drained soil are not so liable to injury due to water short- 
age in the summer. This is of special importance on tracts that have 
late water rights, since crops are more likely to be matured before 
the supply is cut off; but failing this, they have an increased under- 
ground supply of moisture due to underdrainage. 





Fic, 4.—Sugar beets growing on tract reclaimed by drainage. 


Beneficial bacterial activity is largely suspended in cold, wet soils, 
and such activity is necessary to the manufacture of plant food and 
its conversion into available form. Underdrainage increases the 
zone and intensity of such bacterial activity. 

The water developed by underdrainage is brought to the ground 
surface where it is available for re-use either by the owner or by 
others to whom it may be rented or sold. Drainage water, even from 
tracts that have been salty, may not be injurious if used on drained 
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land, since the salt content is reduced rapidly to a safe percentage, 
but this should be determined before such water is used. 


PRACTICAL DRAINAGE REQUIREMENTS. 


To determine the various factors of design it is necessary to make 
a careful study of subsurface conditions, often to a depth of many 
feet. Subsurface studies may be made by means of test pits and 
borings. On account of the high cost of test pits, only a few will 
be dug ordinarily, but it is customary to make a large number of 
borings. Test pits may be dug 
with shovels, and picks if neces- 
sary; but usually it is feasible to 
use telephone shovels and spoons 
and make a hole only a foot or so 
in diameter. A test pit affords a 
much better idea of the subsoil 
than a boring and is especially 
useful in giving an idea of the 
drainage capacity of the soil. For 
determining depth to the water 
table, fluctuations of the latter, 
depth to and the thickness of va- 
rious substrata, a boring is nearly 
as satisfactory. It is even pos- 
sible in this way to obtain a fair 
idea of the character of the va- 
rious strata. Borings may be 
made with an auger consisting of 
a carpenter’s bit welded to a half- 
inch gas pipe, provided with a Fic. 5.—a, Soil auger suitable for making 
handle consisting of a T and two test holes. 6, Earth auger suitable for 
: i boring observation wells and _ relief 
short pieces of gas pipe. The gas wells. The latter is adjustable and the 
pipe stem should be cut in 4-foot jaws open for discharging the dirt. 
lengths so that it may be extended as the depth of boring increases. 
The screw tip and the sharp wings should be removed from the bit. 
Figure 5 shows such an implement. Care must be used to secure 
the type of bit shown, as an ordinary twist bit is not satisfactory. 
In making soil borings only a turn or two should be given at a 
time, the soil being removed and examined by augersful. The 
character of the soil may be determined by the way the auger cuts, 
the difficulty in pulling it out, the way the soil holds together when 
being removed from the auger, and by rubbing the soil between the 
fingers or gritting it between the teeth. 
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If it is desired to observe the behavior of the ground-water table 
over a more or less extended period it will be necessary to install 
observation wells. These may be bored with an earth auger or a t 
post-hole auger (fig. 5), and ordinarily must be lined to prevent Mi 
filling. ‘The most suitable casing is made of ordinary galvanized ill 
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ake @ downspouting perforated at frequent intervals on several sides with ie 
my Y¥ anail. The casing should extend a half foot or more above the : 
und ground level and should be covered with a tin can. A round block Avg 





of wood should be fitted into the lower end to prevent mud from 
rising in the casing. 

A number of such wells should be installed on most irrigated wi 
farms so that the owners may have immediate notice of coming 
injury and be prepared to combat it before crops are lost and be- ae 
fore soil conditions become bad, making construction costs much i. Te 
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higher than they should be. Men have declared frequently that ag 
the ground water on their farms was not within 20 feet of the ae 
surface when, as a matter of fact, it was within 2 or 3 feet. we 
Every irrigated farm should be supplied with a soil auger such oc 
as that described above and it should be used intelligently in con- ie 
nection with irrigation practice. Many farmers in the irrigated tae 
section consider a soil auger of as great importance as any tool or ail 4 







implement they possess. 

The making of subsurface studies for the actual design of a drain- 
age system, however, ordinarily should be left to some one trained i 
in drainage work, as there are few projects so small or apparently f i 
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so simple as not to warrant the employment of such a person. Sur- 
veys must be made in order to design an economical and efficient 
system, and it is preferable that the subsurface studies be made at a) 
the same time so that the surface and subsurface data may be cor- aa 


related properly. 4 td 
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_ REQUIRED DEPTH OF DRAINS. 
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One of the first questions asked by the landowner contemplating 
drainage of irrigated lands is “ How deep should the drains be?” 
The matter of depth is one of the most important factors, but a depth By 
perfectly satisfactory in one case may render a drainage system un- . 
successful in another. In general it may be said that drains in the 
arid section must be deeper than those in humid soils. The soils ‘ 
themselves usually are deeper and the plant-root systems extend to 
greater depths. But more important than either of these considera- 
tions is the fact that most irrigated soils contain salts that are harm- g! 
ful to crop development when present in excess on or near the ground ze 
surface. These salts may become concentrated on the ground sur- a 
face, even though the depth to the water table be several feet. The a 
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soil moisture rises several feet above the free water table in the soil, 
and this moisture is charged with harmful salts wherever the ground 
water contains such ingredients. The harmfulness depends in a large 
measure upon the concentration of the soil solution, so a given 
amount of salt may become harmful if transpiration or evaporation 
removes a portion of the water and leaves the salts. It is important, 
therefore, to lower the water table deep enough that the plant roots 
will not feed in salty solutions. The height to which water will 
rise by capillary attraction varies with the kind of soil, being greater 
in the case of fine-grained, compact soils than in loose, coarse-grained 
soils. The height of rise in clay often is twice as great as that in 
sandy loam. If the sand be very fine, however, the height of rise 
may be nearly as great as in clay. Experience throughout the entire 
arid West leads to the conclusion that drains rarely should be placed 
at depths less than 6 feet; that is, the distance to the water surface 
in the drains should not be less than 6 feet. 

The subsoil is almost never homogeneous, however, and any change 
in formation has an important bearing on the required depth of 
drain. This is true whether the change is from a compact to a loose 
formation or vice versa. It is especially true if a stratum of either 
more or less pervious material is found within, say, 10 feet of the 
ground surface. For instance, assume that the tract under considera- 
tion is injured by seepage from higher land; that the first 2 feet of 
soil consist of loam, the next 4 feet of clay, and that under the clay is 
a layer of sand a foot thick, followed by more clay. The depth to 
the top of the sand is, therefore, 6 feet, and if a drain is installed 6 
feet deep it will lie on top of the sand layer. As may be expected, 
the damaging water seeping from the higher land moves through 
this sand layer, therefore the drain fails to intercept it and the 
drainage system is a failure. Moreover, the sand makes a very un- 
stable foundation for a drain and the tile is likely to get out of 
alinement, off grade, or even to be up-ended and filled with sand. 
Even if none of these things happens, there is great danger of sand 
and silt making their way into the tile and obstructing it. It is quite 
evident that the drains should be laid on the clay underlying the 
pervious stratum or perhaps be bedded slightly into the clay. In 
that case there would be no danger of the tile getting out of position 
and the drain would be very effective. Thus an additional foot in 
depth often makes the difference between success and failure. It is 
necessary to know the existing underground conditions in each case 
before the proper depth can be decided upon. 

Much the same situation would arise if the soil were a sand with 
a hard, impervious layer at 7 feet. Water reaching the tract by 
seepage from higher land would be likely to move along the im- 
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pervious layer, and if a drain be laid at a depth of 6 feet the water 

would continue to pass under it and the tile would be likely to 

become displaced and obstructed. Manifestly the correct practice 
would be to lay the tile on or slightly in the hard, stable stratum. 

Even if the soil be homogeneous the question of depth is of great 

importance. In such a case the effectiveness of the drain increases 

with the depth. A line drawn along the surface of the water table 

from one drain to the next is a curve which rises rapidly away 

from the horizontal near the drains, but is very flat midway be- 

tween drains (fig. 6). If the depth of the drains be increased 

the depth to this curve is increased at every point, but not equally 

so. Thus with drains at a given distance apart, the drainage is 

improved greatly over the whole area, or the same minimum depth 

may be obtained with the drains placed farther apart. It becomes a 

plain economic i te and costs must be compared care- 

ide fully to determine 

a3 ere iota ; oe f. Muro Whether a few ex- 

pensive, deep drains 

are cheaper than a 

greater number of 

comparatively shal- 

low drains. Drains 

8 to 10 feet deep, and 

even more, have been 

Yy installed, and, al- 


though their cost has 


Fic. 6.—Cross section through soil, showing profile of 
ground-water surface between drains. been much greater 


per unit of length 
than that of shallower drains, they have been so much more effective, 
requiring fewer lines, that they have been more economical. 

It is not always true, however, that the effectiveness of a drain 
increases with the depth. For example, in a subsoil that changes 
from a sand to a compact, relatively impervious clay at 6 feet, it 
would not be wise to install drains at a depth of 10 feet since they 
would then be laid in material that yields very little water, and 
the effectiveness of the system would be little greater than if 
the drains were installed only 6 or 7 feet deep, and the expense of 
the extra cutting would be wasted. There is even a possibility that 
the drains would be ineffective at such a depth. If the subsoil is a 
joint clay, however, it will be found to drain as readily as sand. 

Drains having a depth of from 2 to 4 feet, such as are employed 
in humid sections, are practically worthless in-the reclamation of 
irrigated lands. 
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SPACING AND LOCATION OF DRAINS. 


The landowner contemplating drainage invariably asks the ques- 
tion, “ How far apart should drains be placed in draining irrigated 
lands?” This question, like that as to the proper depth of drains, 
does not admit of a definite answer. The question is more one of 
location than of spac- 
ing, and the two 
factors must be con- 
sidered together, the 
latter usually depend- 
ing largely on the 
former. 

The damaging wa- 
ter may have several 
sources of supply and, 
as likely as not, it 
will be moving later- 
ally through the soil 
instead of percolating downward from surface application. The 
chief sources of supply, aside from direct precipitation and the melt- 
ing of snow on the ground surface of the tract itself, are downward 
percolation of the excessive water used in the irrigation of the tract 
itself, surface run-off from higher land, supplied as precipitation, 
melting snow, irrigation or seepage brought to the surface; lateral 
underground seepage from the irrigation of higher lands, and losses 
from ditches, canals, and reservoirs; and, in some instances, direct 
natural seepage from the mountains. 

Ordinary drainage methods would serve for the removal of the 
moisture applied directly to the tract itself, from whatever source, 
but this constitutes the smallest part of the problem. In the ma- 
jority of instances it is necessary to intercept lateral seepage from 
higher lands before the damaging water reaches the tract in ques- 
tion. Often a combined system is necessary. 

In the interception of lateral seepage the question of location is 
of highest importance, while the question of spacing is of little or no 
consequence. One properly placed line of drain will be more likely 
to reclaim successfully the injured area than a dozen lines placed 
at random, however closely they may be spaced. It is not unusual to 
find that a single drain will reclaim a 40-acre tract, when it can be 
located so that it will intercept the damaging water along the line of 
its appearance as seepage. For instance, consider a tract of land in- 
jured by seepage from higher land. The seepage appears usually 
along a belt at the change of slope from a steep to a lighter grade. 
If the subsoil be examined, it probably will be found that there is a 
more pervious stratum of material, say sand, at a depth of several 


Fie. 7.—Drain properly laid to carry off seepage. 
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feet. This stratum of sand acts like a pipe line, leading from the 
source of supply and pouring the damaging water into the lower 
land, since the flatter slope is insufficient to carry the water away 
as rapidly as it reaches the tract. Now, if a drain is located just 
below the line of the change of slope, at or near the upper edge of 
the wet area, and is at sufficient depth to cut through the sand layer, 
the flow of water will be intercepted and the water will be carried 
away in the drain without doing damage to the land (see fig. 7). 

The conditions must be studied thoroughly and to a sufficient depth 
to make sure that there is no pervious stratum underlying the drain 
through which water may seep to the lower land. In case such a 
stratum exists at a depth of, say, 10 feet or more, it will not be feasible 
ordinarily to reach it with a drain line, but a drain of ordinary depth 
may. be installed and relief wells bored in the bottom of the trench 
to the stratum, thus providing passageways throngh: which the water 
may rise and reach the drain (see fig. 8). 

After an intercepting drain is installed and the seepage from out- 
side sources is cut off the natural drainage of the tract usually is 
sufficient to take care of the water applied to the tract itself, but if 
this is found to be not the case it will be necessary to install drains 
to remove the excess 
water. The question 
of spacing may come 
in here, especially if 
the tract be rather 
flat and has a fairly 
uniform surface. If 
the subsoil be clay, 
oe with a sand stratum 
Zz at a depth of several 

Vj ra Vy feet, drains 400 to 500 


Z ’ 
ee * feet apart will serve. 
Y If no sand stratum be 
{a2 present it may be nec- 
Ufdefegy’: oy ahs essary to reduce the 


Change of S. lope, 
er area 


spacing to from 200 
to 300 feet, but if the 
subsoil be sand the 
spacing may be 


See, ze 


Fie. 8.—Relief well. 


greater than 500 feet, and in the case of gravel subsoil the spacing 
may be a quarter of a mile or more. Where the subsoil was a coarse 
gravel some very satisfactory systems have been installed with 
drains every half mile, with the depth from 6 to 8 feet. 

If the tract in question be cut up by swales and depressions the in- 
stallation of a regularly spaced system is not advisable. Generally, 
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in such a case, the drains should be located in the swales (see fig. 9), 
The latter arrangement has some exceptions in cases where the sub- 
soil underlying the swales is less pervious than that underlying the 
higher ground. Often it is necessary to have the drain lines run at 
the edge of the swales, two lines being required for each swale (see 
fig. 10). It has even 
been found necessary 
in some instances to 
locate the drains on 

the higher land. 
The installation of 
drains below the wet 
area, with the idea 
of drawing out the 


water, should be at- 


Fic. 9.—Cross section through soil, showing method of = 
pesheliad wenabae tempted only when 


- the subsoil is a coarse 
gravel, and not even then if the land above the wet area has 
greater slope. 

As a rule drains in the irrigated section run across the natural slope 
rather than down the slope. The reason for this is that with the 
drains running down the slope the damaging water would be moving 


in the same direction that the drains run, and consequently very little 
water would reach 
the drains, the re- 


y 
Vp 


Wet Area 


mainder continuing Y Tp Deeper 
to reach the lower Y 44 
land and doing dam- Z L 

age. The only land Yy Yj 
drained would be 20ZFie 


° . ° ; Tile-"4 
that in the immedi- a 


The average 


amount of tile per Fig. 10.—Cross section showing application of double line 
ae of tile. This is made necessary by the absence of per- 
acre ordinarily em vious material underlying the middle of the swale. 


ployed in farm 
drainage in the irrigated section is about 100 feet. At this rate a 
mile of tile will drain about 53 acres of land, or a square mile of land 
will require about 12 miles of tile. 

TYPES OF DRAINS. 

There are two general types of drains in use in the irrigated sec- 
tion—the open ditch and the covered drain. Since this discussion 
deals only with the individual farmer’s problem, no consideration will 
be given to the large open canals used for outlets in community or 
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district systems. The open ditch, as its name implies, is merely a 
waterway cut into the soil so that it will receive the underdrainage 
from adjacent land. The covered drain consists essentially of an un- 
derground conduit for the collection and transportation of subsurface 
water. It is superior to the open ditch. The only reason for using 
the latter is strictly one of economy, and a decision as to the type to 
be used should be made only after all factors having a bearing on the 
subject are considered carefully. 

The open ditch itself takes up considerable space, and the material 
removed in building it usually is of such a quality that it is not wise 
to spread it over the surface of the adjacent land, so additional space 
is lost. Moreover, it is not safe to irrigate land close to such a chan- 
nel, as there is danger of the water breaking into the ditch, with 
consequent injury to it and the land. Even a very small ditch may 
require that a strip of land several rods in width shall be rendered 
useless for agricultural purposes, so that an effective drainage system 
may reduce materially the available acreage of a farm. To keep an 
open ditch open the sides must be made sloping, not steeper than 
one horizontal to one vertical, and to prevent the growth of vegeta- 
tion and the accumulation of mud, etc., in the channel from obstruct- 
ing it the bottom width should be not less than 4 feet, except in 
gravel or stiff clay, where it may be 3 feet, so it becomes necessary to 
excavate much more material than in trenching for covered drains. 
But in spite of careful design, construction, and operation open 
ditches are sure to require a great deal of maintenance and repair, 
and the expense for these often amounts to more in the long run than 
the extra cost of covered drains. 

Open ditches are unsightly and provide harborage for obnoxious 
weeds and breeding places for injurious and disagreeable insects. 
Their presence is a constant source of danger to farm animals. 
They cut up the farm into inconvenient and irregular shapes and 
require the installation of farm bridges and flumes in order to 
facilitate communication between the various parts of the farm 
and for the conveyance of irrigation water and waste water from 
tract to tract. Covered drains, on the other hand, are not subject 
to these objections. They take up no valuable space, and if properly 
installed require little or no maintenance. The only way in which 
difficulty can occur, in connection with vegetation, is the possibility 
of water roots choking the drains, and this can not occur if lines 
are kept away from water-loving trees, and if such plants as the 
sugar beet are not grown directly over the drains. 

In order to decide between types of drains, it is proper to add to 
the estimated cost of open ditches a sum sufficient to pay at current 
interest rates, a return large enough to pay the annual maintenance, 
which often is 10 per cent of the first cost, and compare this total 
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with the first cost of covered drains. For instance, assuming that 
the first cost of the open ditch would be 50 cents per foot and of 
the covered drain $1.25 per foot, if the maintenance cost is 5 cents 
per foot per year for the open ditch and the interest rate is 5 per 
cent, it will be necessary to add $1 per foot to the actual cost to 
pay for the maintenance. This makes the cost of the latter $1.50 
per foot as against $1.25 for the former. When the maintenance 
cost is considered, the covered drain often will be found actually 
cheaper than the open ditch and when the desirability of the two 
is considered there is no comparison. 

The most suitable material for use in a covered drain is clay tile, 
It should be hard burned but not brittle. The 2-foot length is the 
most satisfactory. The tile should be straight and truly cylindrical 
in shape. The walls should be smooth and free from serious cracks 
and blisters. The ends should be free from rough edges and irregu- 
larities. The tile should be uniform in size and thickness for any 
given diameter. The walls should have fairly uniform thickness at 
both ends and at various points of the circumference. They should 
be very impervious and have a low porosity. The material from 
which the tile is made should be free from foreign ingredients, par- 
ticularly cinders and free lime. 

Pole drains, brush drains, mole drains, rock drains, and cobble 
drains are almost useless in irrigated soils and never should be in- 
stalled. Lumber box drains have been used to some extent as a sub- 
stitute for clay tile but their use is a doubtful economy. Cement tile 
is not generally recommended for the drainage of alkali lands as it 
is subject to rapid deterioration unless it be made of a very dense 
mixture that will not permit the penetration of water containing 
alkali in solution. 

SIZES OF DRAINS. 

The spacing of drains in the irrigated section usually is much 
greater than in humid sections and, frequently, a single line of drain 
may effect the reclamation of a considerable acreage. From this 
it will be concluded that larger drains will be required in the drain- 
age of irrigated lands. It has been found that they need not be 
proportionately large, however, since the amount of water which it 
is necessary to take care of is smaller for a given acreage. In the 
arid section, there is likely to be a continuous discharge of drainage 
water throughout the year, and frequently the discharge is very uni- 
form at all times. However, there are certain maximum flows, 
usually during the period of greatest irrigation application, and it 
is necessary to provide a drainage capacity that will take care of 
such flows. 

If only the required capacity of the drain were considered, it would 
be found feasible to do a great deal of drainage with 4-inch and 
5-inch tile, but experience has shown that the use of tile smaller 
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than 5 inch is not satisfactory, while 5 inch should be used only for 
short branch lines or at the upper ends of branch lines. The follow- 
ing table is offered for purposes of comparing the carrying capacity 
of tile lines of different sizes, on the assumption that all are laid on 
the same grade. 

Relative carrying capacities of tile of different sizes. 


’ 


Will carry the discharge of— 


| 
6-inch tile... .. Two 5-inch tiles. 
7-inch tile | One 6-inch and one 5-inch tile. 
8-inch tile Two 6-inch tiles. 
10-inch tile One 8-inch and one 7-inch tile. 
12-inch tile One 10-inch, one 8-inch, and one 5-inch tile; or three 8-inch 
tiles; or seven 6-inch tiles; or twelve 5-inch tiles. 


As a rule, tile larger than 12-inch in diameter is not used in in- 
dividual farm drainage. 

The size of tile required depends on the amount of water to be 
carried and on the slope of the drain. The latter can be decided upon 
when the survey of the land is made and the fall to the outlet is 
measured. The former is not so easy to determine. It depends on 
the location of the tract, the nature of the soil, the slope of the ground 
both on the tract and above it; on the quantity of water used in 
irrigation and on the method of irrigating, both on the tract and on 
higher land; on the rainfall and evaporation; on the seepage from 
reservoirs, canals, and ditches; and on many other factors. Indeed, 
the determination of the required capacity of a drainage system is 
the most difficult problem confronting drainage engineers, and de- 
mands their best efforts. Intricate measurements and calculations 
must be made in each instance. It is therefore impossible to give 
definite instructions in regard to this important matter. It is pos- 
sible, however, to give a general idea of required sizes based on a wide 
experience under a great variety of conditions. The following table 
is intended to apply to fairly uniform land not located at the foot 
of steeper slopes or benches, nor in pockets or depressions, nor in flat 
river bottoms where it will receive surface run-off from higher land, 
nor where it will receive water from deep sources by pressure. The 
assumed slope of the tile is 2 feet per thousand feet. 


Sizes of tile required to drain given areas having different types of soil. 


ein a Size of tile required. 
tract (in a ema aaa a = 7 P ie 


acres). Clay with sand stratum. Gravel. 
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If the soil be compact clay, a given size of tile will drain larger 
areas than indicated. If the subsoil be joint clay, the “sand” table 
should be used. If the drain be located at the foot of a bench or in 
a gravel pocket, none of the above bases will apply. A better basis 
for design in such cases is the length of a given size of tile which it 
is safe to use. A slope of 2 feet per 1,000 feet is assumed, as before, 
The following table will give a rough idea: 


Sizes of tile required for drains of different lengths. 


Maximum length. 


Size of tile. — 
Sand 


( ‘rou, 
stratum. rvel. 








For greater slopes smaller tile is required, and for flatter slopes 
larger tile is necessary, the variation in capacity being as the square 
root of the slope. If lumber boxes are used, the openings should 
be about the square of the tile diameter. 

For open ditches the bottom width should be 4 feet and the side 
slopes should be at least 1 to 1. Thus for a depth of 6 feet the top 
width would be 16 feet or more, and for a depth of 8 feet the top 
width would be 20 feet or more. 

In the installation of a drainage system it should be borne in mind 
that the improvement is permanent, and that after the tile is once 
covered up it is more expensive to uncover and relay it with larger 
tile than to install a new drain, so it is false economy to cut down on 
the size of tile. It is much better to err on the side of too great 
capacity than too small. 


CONSTRUCTION METHODS. 


In many instances owing to lack of humus the soils of the arid 
region are very fluxible when wet, and the construction of drainage 
systems is very difficult and requires painstaking care and ingenuity. 
Special methods and devices have to be employed, and special ma- 
chinery has been developed. 

Drain lines must be laid out carefully and grade stakes set. The 
completed drain must be true to grade and as straight as possible. 
For hand trenching it is advisable to stretch a cord on the ground 
along one edge of the proposed trench, to obtain good alignment. 
To insure accurate grade at all points, grade planks should be set 
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up at each station at a uniform height above the grade of the drain, 
as shown in the illustration on the title page. A stout cord then 
may be stretched over the middle line of the trench from plank 
to plank and every point on this cord will be the given height 
above grade. Grade may be established at one end of each tile 
with a grade pole having a length equal to the distance from the 
cord to the proper location for the tile. This may be accomplished 

Ping Lobisaiteas by keeping the cord 


Cottonwood Mau! ; 
crime a li le i 2s taut by suspending a 
a || <a. ~ tile or other weight at 
| At awe. 
é if each end and measur- 
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sai we “il iN yr ] ing down from the 
HiT gy yp cord at the desired 


points. 

Construction work 
always should start at 
the outlet of each line 
and proceed up the 
slope, so that the water 
developed will drain 
away. 

In installing covered 
drains either hand 
labor or trenching ma- 
chinery may be used. 
Frequently, on small 
projects, hand trench- 
ing is cheaper, but 
Fig. 11.—Showing shiplap sheeting and method of instal- usually on larger proj- 

lation for drains 6 feet in depth. For deeper drains, eetg machines can do 


two sets of timbers and braces must be used. ° 
the work more rapidly, 
economically, and satisfactorily. It is preferable to let a contract 
for the work to an experienced and capable contractor. 

If hand labor is used it usually is necessary to operate with small 
gangs, ordinarily about a half dozen men to the line, as the trench 
must be opened from the top to thé bottom as rapidly as possible 
and the tile laid and blinded before caving takes place. The men 
should work as closely together as practicable and not even the first 
spading should be taken more than a rod in advance of the tile 
laying. Each man should remove a spading, moving backward at 
the same time. The man removing the last spading should also 
grade the bottom. He should not step on the finished bottom and 
no one should stand near the edge of the trench, nor should wagons 


‘ le 
eae au 7 









































20 FARMERS’ BULLETIN 805. 


or material of any sort be permitted near the trench. The soil re. 
moved from the trench should be placed as far back as it conven. 
iently may be. The tile should be laid at once and blinded by means 
of a few inches of earth caved from the edges of the trench, If the 
banks tend to cave off in large chunks or slabs it will be necessary 
to brace them apart with planks separated by stout crosspieces or 
trench jacks. 

A very troublesome condition is that in which the presence of a 
wet, pervious stratum near the bottom of the trench causes a lateral 
and upward movement of the soil in the bottom of the trench. In 
such a case it is necessary to provide a tight cribbing to shut out the 
oozing material. <A design for such a cribbing is shown in figure 11, 
It consists of two heavy timbers, held apart by trench jacks, behind 
which is driven lumber sheeting properly matched and beveled at the 
lower ends to insure a tight fit. The sheeting may be driven by 
means of a heavy maul and may be removed with a three-legged 
derrick and a special grabhook like that shown in the figure. 

If the soil in the bottom of the completed trench is so soft that it 
will not support a man’s weight, wooden racks or cradles should be 
laid under the tile to keep it in line and on grade. If conditions are 
exceedingly bad it often is advisable to use sewer pipe in place of 
drain tile, as the bells aid in keeping the line intact. Second quality 
sewer pipe is suitable and generally may be purchased at about the 
same price as drain tile. Under ordinary conditions, however, the 
use of sewer pipe is not recommended, since the cost of freight and 
hauling is higher than for drain tile and it is heavier and more difli- 
cult to handle. Also, in stable ground it is necessary to dig out 
places for the bells, which considerably increases the cost of trenching. 

Tile should be laid with extreme care. The joints should be as 
close as possible, and if the soil is semifluid and contains much fine 
sand and silt, it will be necessary to provide some means of keeping 
the oozing material from entering the tile joints. Almost all the 
water entering tile lines makes its way through the joints, practically 
none entering through the walls of even the more porous tile, so the 
covering for the joints must provide for the ready passage of water. 
Straw makes a very good filter when new, but it is likely to decom- 
pose and form a sticky, impervious mass over the joints. Brush and 
willows are not satisfactory and render any subsequent removal of 
the tile very difficult. Graded gravel, ranging in size from sand to 
pebbles an inch in diameter, makes an excellent filter, but it is not 
always available. Cinders also are satisfactory. Strips of burlap 
wrapped about the joints give good service. The custom of laying 
strips of building paper over the joints can not be commended, since 
the greatest tendency is for the sand and silt to enter at the bottom 
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and if paper is wrapped tightly entirely around the joints the water 
itself will be shut out. For genuine quicksand, perhaps the best 
material is cheesecloth, which should be doubled once or twice and 
wrapped carefully about the joint. This material soon decomposes, 
put in the meantime the soil becomes compacted so that the purpose 
is served. 

The more pervious materials should be placed adjacent to the tile. 

The backfilling may be done with a plow with three or more horses 
and a long pole evener, or with a scraper, road grader, or go-devil. 
Recently power backfillers have been placed on the market. All the 
soil should be returned to the trench and be banked up over it, so that 
future settling will not leave a depression over the drain. 

In machine trenching it generally is necessary to draw a portable 
shield after the machine in which the tile may be laid and blinded 
before caving takes place. Figure 12 shows such a shield in use in 
trenching in unstable soil. This illustration also affords an idea of the 
depth of drains required for reclamation of irrigated land. The 
man in the shield is standing on top of a 15-inch tile. There are 
several types of suitable trenching machines but, as machine work 





Fic, 12.—View showing trenching machine provided with caterpillar traction and port- 
able shields for use in fluxible soils. Note the additional broad wide-spaced wheels 
at back which support the cutting unit. 
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usually is let by contract; the choice of type must be left to the con. 
tractor. 
DEVICES. 


Bulkheads and outfalls—The outlet of a drainage system should 
come in for more consideration and attention than usually is given 
to it. If the tile line discharges into a deep ravine or river channel 
at some distance above the water level an outfall should be provided. 
This may consist of a corrugated iron pipe extending far enough 
out over the bank to discharge 
the drainage water directly 
into the stream without strik- 
ing the bank and causing ero- 
sion. The other end should be 
anchored by means of a con- 
crete wall and a careful con- 
nection with the tile line must 
be made so that water will not 
find its way along the outside 
of the conduit. The last few 
joints between tile should be 
cemented. 

If the drain discharges at 
or near the water level or bot- Fic. 13.—-Concrete bulkhead for use at outlet 
tom of a channel a concrete, — 
brick, or timber bulkhead should be constructed to prevent injury 
from frost and from the caving of the banks, and to prevent the 
washing out of the tile line at the lower end. Care should be taken 
that it has a good foundation, in order that it may not be under- 
mined. Figure 13 shows a cheap and easily built concrete bulk- 
head. A network of heavy wires or small rods of copper or gal- 
vanized iron should be placed across the outlet to keep out, small 
animals. 

Manholes.—A change in direction of a line of tile should be made 
gradually by a smooth curve, or a manhole about 4 feet square should 
be installed at the point of change. If the soil contain much fine 
sand, a combination manhole and sand trap should be located at such 
a point, as well as at every change from a steep to a lighter grade. 
Such a device serves as an observation well in which the flow may 
be seen and the general conditions of the system watched. It also 
serves as a settling basin for any sand or silt that may be carried by 
the drain, and if the trap be made to extend a foot or two below the 
drain, a chamber is formed in which a considerable amount of sedi- 
ment is held until it can be removed. The manhole may be provided 
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also with a surface inlet to make it possible for the drain to take 
care of surface water and, if desired, to provide for flushing the drain. 
Asa manhole proper it provides a means for the operation of a root- 
cutting or drain-cleaning device operated by sewer rods. If it is 
expected that such work will be necessary, the drains should be laid 
out in straight lines with grades as uniform as possible, and a man- 
hole should be provided at each junction, change in slope from steep 
to a lighter grade, and on straight sections at intervals of not to 
exceed 500 feet. 

On straight lines a manhole may be made long and narrow, but at 
a junction or turn it should be made square to facilitate the opera- 
tion of rods and to prevent the sediment from being carried across 
the trap. Brick or concrete is preferable, but lumber often is used. 
Recently a manhole built of corrugated iron has come into use and 
presents many advantages. When built of lumber, 2-inch material 
should be used. Figure 14 shows a simple type of manhole, con- 
structed of lumber and so designed that the earth pressure will main- 
tain it in spite of the 


failure of thenails. In inion = 
most places the man- 
hole should be pro- SEE ELE ITE 
vided with a bottom we 
and it always should be 
fitted with a cover that 
can be locked down. 
Observation wells. — 
If little sand be pres- 
ent, rendering sand 
traps unnecessary, it 
still is desirable to 
provide for observa- 
tion of the flow at 
points throughout the 
system. Nothing 
serves this purpose bet- 
ter than a_ vertical 
stack of large-sized tile 
or second-grade sewer 
pipe, extending from a 
little above the surface 
of the ground to a 
foot or more below the 


tile line, and having 
' > Fic. 14.—Combination manhole and sand trap with ccver 
holes cut in the lower that does not depend upon nails to hold it together, 
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Stee! Chain orlron Band with Rings length to accommodate the drain. 
lock ca . 
ot Such a device is shown in figure 


% a 
ouigiies 15. As may be seen, a small set- 


‘ee ps tling space is provided, from which 
sediment may be removed with a 
telephone spoon. <A cover always 
should be provided and the joints 
should be cemented. This device 
costs little and occupies small space, 
If desired, the top section may be 
removed subsequently, a cap pro- 
vided for the second section, and 
cultivation be carried on directly 
over the top. Such a device also 
may be installed for inspection pur- 
poses between regular manholes. 

aa Surface inlets and flushing 
wells—A vertical stack of tile or 

ten pipe is useful also as a surface inlet 
sicageexit or flushing well. Figure 16 shows 

Fe eee eens S274 4? how it should be installed. The bot- 

tom should be paved with coarse 
gravel and the top provided with an iron grating and a mound of 
gravel or crushed stone. The backfill should be well compacted 
around the stack. Such an inlet should be installed wherever a drain 
crosses a depression or flat, so that the waste water or storm water 
may not pond long enough to puddle the soil or “ burn” the crop. 

During irrigation the entrance of water may be prevented by throw- 

ing up a circular ridge of earth around the mound. One of these de- 

vices also should be used at the upper end of each branch line. The 
first few lengths of tile in the drain should be a size larger than the 
tile designed for the drain, so the water will not be retarded in 
its progress into the drain. 

Flumes.—F lumes should _ Gravel mound 

be provided for all canals Wie. Al 

and ditches that cross 

under drains, and care 
should be taken to pre- 
vent large quantities of 
water from flowing across 
drains, particularly dur- 
ing the first few  sea- 
sons after the installation 

Fig. 16.—Surface inlet and flushing well built up of 
of the system. large tile and sewer pipe. 
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Relief wells.—-The source of damaging water often is in some deep, 
pervious stratum, and the movement is upward. The stratum is con- 
nected with a higher lying source of supply, and the water is under 
pressure. Ordinary methods of drainage avail little since the damag- 
ing water rises between drains, however closely they may be spaced, 
and it is not unusual to find water standing on the ground surface 
within 10 feet of a drain 6 feet or more in depth. The source of the 
water may be in gravel, sand, stratified shale, sand rock, or lava. A 
pressure condition has been found even where the only change in sub- 
soil conditions was in the 
nature of the clay strata. 

To meet the condition it 
is necessary to install relief 
wells connecting the per- 
vious stratum with a tile 
drain laid at ordinary 
depth. The pressure causes 
the water to rise through 
the relief wells which act 
as vertical drains. The sole 
purpose of the ordinary 
drain is to carry off the 
water brought up by the 
relief well, and it accom- 
plishes little or no direct 
drainage. Figure 17 shows 
a relief well in the bottom 
of a trench. The tile had 
not been installed when the 
view was taken. With the 
pressure relieved at the 
drain level the damaging 
water no longer can make 
its way to the ground sur- 
face within the area affected by the well or system of wells. It is 
necessary in each case to determine the required number and spac- 
ing of the wells and the best indication is the effect of one well upon 
another. 

An earth auger may be used for the installation of relief wells in 
ordinary soil, but in shale or rock it is necessary to use a well-drilling 
outfit. Often it is necessary to drill to a depth of from 20 to 50 feet. 
Usually relief wells must be cased. A vertical stack of tile or an iron 
pipe may be used for this purpose. Wooden tubes also have been 
employed. The casings should be connected carefully to the drain 
line so there will be no danger that they will silt up in periods of 
inactivity. 





Fie. 17.—Relief well in bottom of drain trench. 
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COSTS. 


Owing to the great variety of conditions met in the drainage of 
irrigated lands, the cost of such work varies over a wide range, 
Chief among the many factors influencing cost are the size of the 
tract to be reclaimed, its relation to surrounding tracts, the degree 
of wetness, nature of the soil, type of drain installed, opportunity 
of obtaining an outlet, availability of materials, distatice from fae- 
tories and from railway connections, quality and cost of labor, feasi- 
bility of using machinery, season in which the work is done, knowl- 
edge of the man in charge, and method of handling the construction 
work. 

Experience in practically all the Western States, under many dif- 
ferent conditions, shows that the cost of draining ordinary-sized 
farms having an average soil that is neither so hard as to require 
picking nor so soft that serious caving of the banks of trenches will 
take place, ranges from $15 to.$30 per acre with the average $20 
per acre. If hardpan, rock, or shale be present, or if the soil be 
fluxible, the cost may run up to $50 per acre, or even more if 
much tight sheeting of the trenches is necessary. In a few special 
cases drainage of small tracts in the midst of unreclaimed lands has 
cost between $75 and $100 per acre, but these costs represent situa- 
tions that would not be encountered in regular operations. 

In regard to costs per unit of length of drain it may be said that 
clay tile at the factory ranges in cost from about 1 cent per inch of 
inside diameter per foot of length for the smaller sizes up to about 
2 cents in the larger sizes. Hand trenching for tile up to 12 inches 
in diameter, under ordinary conditions, ranges in cost from 10 to 25 
cents per linear foot for an average depth of 6 feet, with the cost 
increasing about 50 per cent for each additional foot, while trenching 
in hard or fluxible material will run up to more than 25 cents per foot , 
for 6-foot trenching. Rock work would of course be much higher. 
When tight sheeting is required the work will cost 50 cents or more 
per linear foot. Machine trenching usually is cheaper than hand 
trenching, but few jobs have cost less than $1 per rod for ordinary 
soils and depths. 


ALKALI RECLAMATION. 


It has been stated that underdrainage is the basis of the reclamation 
of alkali or silt lands, and the fact has been pointed out that drain- 
age alone often is ineffective for complete reclamation and that sub- 
sequent treatment is necessary. The salt content not only must be 
reduced to a safe percentage, but it may be found that the presence 
of the salts has injured the physical texture of the soil and perhaps 
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destroyed the humus content. Humus must be restored, evaporation 
must be reduced so that the future rise of salts may be prevented, and 
the tilth of the soil must be improved. 

If expedition be desired in the removal of salts, or if natural 


nge, 
the precipitation and irrigation are insufficient to effect a satisfactory 
rTee reduction in the percentage, a good-sized stream of irrigation water 


should be turned on the land and allowed to percolate through the 
soil as rapidly as possible. This is best accomplished by diking the 
land into checks and ponding the water as deeply as feasible, each 
check having as large an area as the slope of the ground and the 
amount of available water will permit. In no case should an attempt 
be made to flush the salts from the surface. They must be leached 
out and carried downward in solution to the underground reservoir. 
The desirability of using large checks and liberal quantities of water 
is due to the fact that capillary attraction is equally effective in all 
directions, and it is necessary to offset the tendency of the salts to 
move laterally in the soil and reappear on a higher or dryer portion 
of the tract. For this reason it is required to make sure, in flooding, 


be 
if that all the surface is covered, even if knolls and ridges must be 
ial leveled first. It is advisable generally to cultivate a field thoroughly 
las before the leaching process, but in some cases it has been found to 
1a- be more satisfactory to flood first and then cultivate as soon after- 
ward as possible. If the subsoil be so impervious that the leaching 
at water does not percolate readily, it may be necessary to resort to 
of subsoiling or blasting. 
ut The following actual example of reclamation is offered to demon- 
es strate the principles that have been stated: 
2 Before drainage the ground water on a certain tract stood within 
st 2 feet of the surface, which was covered with a white crust of alkali 
1g salts. Nothing of value grew on the tract, the only vegetation being 
ot an occasional salt weed. The average sait content for the first 4 
r. feet of depth was 2.25 per cent of the soil. A drainage system was 
re installed and in a month’s time the excess water in the soil had run 
d out, so that the ground water table was practically down to the level 
7 of the drains. This excess water contained a great deal of salt in 
4 solution, so that analyses made at the end of the month showed that 
the average salt content for the 4 feet had been reduced to approxi- 
mately 1 per cent. The ground surface was cultivated and irrigated 
n with a limited supply of water and some crops were planted, but 
- gave only fair results. Meanwhile the higher temperature of sum- 
- mer had increased the evaporation and it was found that the average 
e salt content for the 4 feet increased to 1.28 per cent in spite of the 


drainage. A nearby uncultivated and unirrigated spot which had 
been affected to some extent by the drainage system showed an aver- 
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age salt content for the first 4 feet of 1.51 per cent. It was evident 
that drainage alone would never reclaim the tract, so a heavy flood. 
ing was given it with the result that the average salt content for the 
first 4 feet was reduced to 0.43 per cent, which is less than one-fifth 
of the original content. At this time the nearby uncultivated spot 
showed an average salt content for the first 4 feet of 1.73 per cent, 
an increase which was due to the flooding of adjacent land while 
the spot itself remained dry. Further irrigation of the drained traet 
will reduce the salt content on the tract and increase that on the 
uncultivated spot. The results of this experiment are shown graphi- 
eally in fig. 18. 

Land should be cropped as soon as possible after reclamation; 
some crop which will shade the ground is preferable. If possible, 
the plants should be more or less alkali resistant. It must be kept 
in mind that the harmful salts are brought to the surface of the 
ground in solution by the capillary action of the soil and that they 

are deposited upon the 

1915 ; Before drainage. surface when the solution 
APRIL EFhoct of rental of is evaporated; hence the 

, excess Waters SO/l. advisability of planting 
Eire! wr pee shading crops which re- 


5.43%... YY sprinkling in summer : 
oe ‘efett anual: Flooding. duce the evaporation. Ar- 


Fig. 18.—Diagram showing typical reclamation of tificial or soil mulches ae- 
alkali lands. Quantities are percentages of total complish the same thing, 
salts in first 4 feet of soil. n : 

and if shading crops are 

not planted, the soil should be kept well stirred. Subsoiling, in 
addition to assisting the leaching water to percol. te to the drains, 
breaks up the capillary columns and retards the upward movement 
of salts. 
_ Copious amounts of water should be used in irrigation and the 
water should be spread at once over as large areas as possible, mak- 
ing sure that the ground is covered as uniformly as may be. Waste 
water should not be allowed to run off the tract, as it is only the 
water that percolates downward that removes an appreciable amount 
of salt. However, water should not be allowed to pond in depres- 
sions or elsewhere for any considerable time after the head is turned 
off. If there is a tendency for the water to pond in this manner, 
either the depressions should be levelled up or surface inlets to the 
drain lines be provided, so that the excess may be removed in a short 
time. 

Alfalfa and sugar beets are fairly resistant to the effects of alkali 
salts and shade the ground surface well. Alfalfa is a valuable crop 
anywhere in the irrigated section and sugar beets are being planted 
over a large portion of the West. Sweet clover, while not so valu- 
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able a crop, is very useful in reclamation work. All of these crops 
may be used in restoring humus to the soil. Grains do fairly well, 
barley being the most resistant, but they do not offer much shade 
or add greatly to the humus content of the soil when plowed under. 
For best results grain should be planted in the fall so that the plants 
may become sturdy before the salts become concentrated on and near 
the surface the following spring. It has been shown by Thomas H. 
Kearney that the cane sorghums, and to a less degree the grain 
sorghums, are adapted to use on reclaimed lands. 


MAINTENANCE. 


If an under-drainage system be of proper design and construc- 
tion the matter of maintenance is of small consequence. If silt has 
accumulated in the tile lines during construction they should be 
flushed out before the job is accepted. Irregularities due to the set- 
tling of the backfill should be corrected so that irrigation water will 
have no opportunity of making its way directly into a drain line. 
Vegetation that is likely to develop roots in the tile and obstruct the 
drains should be removed from the vicinity of the lines. Silt may 
continue to find its way into the tile lines for some time. This will 
be caught in the sand traps and should be removed from time to time. 

In cases of serious obstruction of the tile by sediment or by the 
growth of roots, the conduit may be cleared with special cleaning 
devices, a number of which have been developed. These are very 
useful during construction in keeping the suspended matter in motion 
near the point of laying until sufficient water is developed to carry 
the material along. After the system is put in operation they may 
be used to clean out such roots as may have penetrated the tile 
line through the joints or to clear the line of obstructions caused by 
sand and silt. One of these devices is in the nature of an auger, while 
another is built like a small hoe. For the removal of roots an appa- 
ratus involving a spiral cutter is used, or, better still, a sort of wire 
brush. The latter is also useful in removing other obstructions and 
may be made easily by wrapping a piece of leather belting around 
a cylindrical wooden rod, first having driven the belting full of nails 
of such length that the outside diameter of the completed brush is 
somewhat smaller than the inside diameter of the tile to be cleaned. 
A still simpler device, and one that has proved very satisfactory, is 
a bunch of barbed wire. These devices may be operated most con- 
veniently by means of jointed sewer rods. The latter are made up 
in 8 or 4 foot sections, fitted with couplings so arranged that they 
may be joined when two sections are placed at right angles, and are 





1Kearney, Thomas H. The Choice of Crops for Alkali Land. U. 8. Dept. of Agricul- 
ture, Farmers’ Bulletin 446, pp. 20-21, 
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Fic. 19.—Sewer rods and tile-cleaning devices. 


locked together when the two sections are in line. Working in a 
manhole 4 feet square, a man can easily put together and operate 
several hundred feet of rod in a tile line. Figure 19 shows a set of 
sewer rods and cleaning devices that have given satisfaction in 
operation. 

The operation of drainage systems should be observed frequently 
by examination of the flow at the outlet and through manholes, 
observation wells, etc., and if any portion becomes inactive it should 
be looked after at once, for it should be remembered that the damaging 
alkali salts have not been removed entirely by drainage, and that a 


subsequent rise of the ground-water table certainly will be followed 
by a new accumulation of these harmful substances. 


NECESSITY AND ADVANTAGES OF COOPERATION. 


Frequently it is not feasible for one individual to drain alone, and 
it is almost never economical to do so. The unit cost of drainage 
decreases as the size of the tract increases. This is due partly to 
the fact that a system installed on a small tract receives water from 
without the boundaries of the tract and accomplishes more or less 
complete drainage over a considerable area. Furthermore, the unit 
cost of all materials and operations is less on the larger projects, and 
the required capacity of drains becomes relatively smaller as the 
unit becomes larger while the cost per unit of water carried is much 
less in the case of large tile than in the small. Economy demands 
that tracts as large as possible be handled as units, and where the 
land is owned by a number of persons it is necessary that some sort 
of cooperation be effected. Cooperation by ‘mutual agreement 
usually is difficult and sometimes impossible to secure, owing to an 
unprogressive spirit among some of the landowners. Cooperation 
under an official organization is much more satisfactory and effective, 
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and the legislatures of practically all the Western States have pro- 
vided laws under which cooperative work may be done. 

In general, these laws provide for the formation of drainage 
districts and for their government, prescribe their powers and privi- 
leges and outline the duties of their officers. The direction of the 
business of a drainage district is in the hands of a board of drainage 
supervisors who are appointed by the county commissioners or the 
district court, depending upon which is the recognized authority 
in the matter of formation of drainage districts. Drainage dis- 
tricts may exercise the right of eminent domain and bonds may be 
issued to pay for the construction work. The bonds are retired by 
assessments collected in the same way and as a part of the regular 
taxes against the property, so that the cost of reclamation is borne 
by the returns from the land and is not a direct burden on the land- 
owners. The construction work should be done under the direction of 
a drainage engineer appointed by the board of supervisors. 

The usual procedure is to present a petition to the court or board 
stating that the lands are in need of drainage and that the benefits 
of reclamation will exceed the sum of the damages caused and the 
cost of the work. Hearings are held after due notice has been given, 
and the district is organized as a legal institution. In most States 
the organization of such districts is effected so easily and the opera- 
tion under the law is so simple that it is advisable to make use of 
this method in carrying out the work. 


CONCLUSIONS. 


The drainage of wet and alkaline lands in the irrigated section is 
entirely feasible and may be accomplished economically if properly 
done. Such drainage must be the basis for the reclamation of these 
lands. Tile drainage is recommended for farm practice. Thor- 
ough studies of subsurface conditions must be made before success- 
ful systems can be designed. The present demand for the products 
of the farm make it imperative that these lands be reclaimed. 
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ANY acres of irrigated land have become water- 
logged. These must be drained before they 
can be brought back into use. 
Much irrigated land contains an excess of alkali 
salts, and underdrainage is the basis of the process 
for their removal. 


Water which percolates deep into the soil follow- 
ing irrigation often raises the water table to the 
height of the plant roots, where it may remain to the 
detriment of plant growth. Underdrainage will re- 
move this useless water. When the salt content is 
sufficiently reduced, water so removed may be used 
again in irrigation. 


Seepage or storm water from adjacent tracts, or 
water released in the soil by spring thaws, may escape 
either through surface drains or through under- 


drains. 


Underdrainage prevents the heaving of soil by 
frost, and permits its ventilation. It makes possible 
a warmer soil, permits deeper cultivation, and, by 
allowing the plants to develop a deeper and more 
complex rooting system, actually increases the avail- 
able moisture in the soil, instead of decreasing it; by 
the same means it increases the available plant food. 

Methods of draining irrigated farms are described 
in this bulletin. 


Washington, D. C. Issued June, 1917; revised October, 1922 
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NEED FOR DRAINAGE OF IRRIGATED LANDS. 


THE drainage of irrigated lands differs from the drainage of wet 

lands in general in that it is undertaken to protect or reclaira 
from injury lands which have been reclaimed from their naturally 
desert condition at considerable expense and have been productive. 
The drainage of such land means not merely an addition to the pro- 
ductive area but the saving of the original investment in such land 
in the farm of which it is a part and in the water supply for irri- 
gation. 

Practically every valley where irrigation has been carried on for 
any considerable length of time has lands in need of drainage. 
Several classes of land in the irrigated section require artificial drain- 
age in order to be fitted for crop production. 

There are natural swamps, but these constitute a minor portion of 
the area under consideration. They are located chiefly near lakes 
or watercourses and represent surface accumulations of water. They 
usually are given over to tule growths, bulrushes, and willows. 

Other naturally wet areas are those at the foot of mountains, 
benches and steeper slopes, produced by seepage from precipitation 
and from melting snows in the mountains or by springs fed from 
the same sources. ‘ 

Of more importance than either of the foregoing, however, are 
the man-made swamps, the products of irrigation. The area of such 
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lands constitutes by far the greatest portion of the entire area in 
need of drainage. Lands accustomed to a. very limited supply of 
water from natural precipitation have been drenched with water 
and subjected to additional supply by leakage from reservoirs, 
canals, and ditches. Some areas have been converted into veritable 
swamps; others have become waterlogged, so that they are impassa- 
ble by man or beast and unproductive of useful vegetation; and 
still others have passed from a condition of high productivity to 
one fit only for wet pastures (fig. 1). These conditions are readily 
recognizable, and the need for drainage is evident, but the result of 


Fic. 1.—Bog produced by overirrigation. 


overirrigation manifests itself often in an accumulation of alkali 
salts on or near the ground surface, without any apparent wetness 
(fig. 2). Drainage is the only cure for the latter condition. 

Frequently the lands injured by irrigation are not those on which 
the water is applied, but lower-lying lands injured by the seepage 
from the higher land. 

In addition to the foregoing there are natural alkaline areas that 
never have been farmed. The reclamation of these lands must be 
based on underdrainage. 





Drainage of Irrigated Farms. 
BENEFICIAL RESULTS OF DRAINING IRRIGATED LANDS. 


As the fundamental basis of all other benefits drainage removes 
excess water from the soil, whether on the surface or contained as 
free water within the pores of the soil (fig. 3). 











Fic. 2.—An alkaline barren absolutely devoid of vegetation, formerly cultivated but 
ruined by overirrigation. 





Fic. 3.—Wet pasture after reclamation by drainage. 


In many instances irrigated land contains an excess of alkali salts 
and underdrainage is the basis of the process for the removal of 
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these harmful salts. All of these salts are soluble in water and the 
soil water usually is charged with them so that in effecting its re- 
moval the salts in solution are removed. Where surface accumulation 
of salt powder or crystals has taken place, it usually is desirable to 
apply water artificially to leach out the salts (fig. 4). 

Precipitation, which plays such an important part in drainage 
problems in humid sections, is of little importance in the irrigated 
section, but there are occasional heavy rains that are capable of doing 
damage by raising the ground-water table at just the wrong time. 

Of far greater importance than precipitation is the water lost by 
deep percolation following irrigation. In undrained soils this often 
brings the water table up around the plant roots where it may remain 


Fig. 4.—Sugar beets growing on formerly alkaline tract reclaimed by drainage. 


for a dangerous length of time. Underdrainage will take care of 
such excess unless unusually wasteful methods are used in irriga- 
tion. 

Water making its way onto a tract by waste or seepage, or storm 
water from an adjacent tract, may be taken care of without injury 
to the tract by underdrainage supplemented by surface drainage, if 
desirable. 

A sudden change of temperature in the spring often supplies a sur- 
plus of water by the melting of snow or of frozen ground. Under- 
drainage takes off such water. 

Underdrainage also prevents the heaving of soil by frost. 

It is manifest that air and water can not occupy the same space at 
the same time and that water, being heavier, will crowd the air out 
of the soil pores. It is well known that for proper plant develop- 
ment the presence of air in the soil is as important as a supply of 
moisture. When underdrainage is installed and the excess water 
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moves downward, the air is admitted into the soil and the proper 
balance between the air and moisture content is restored. 

When organic matter decays in the absence of air, as in water- 
logged soils, gases and other substances are sometimes formed which 
are injurious to plants. This is avoided by underdrainage, which 
enables the air to enter the soil. 

It takes much more heat to raise the temperature of a given volume 


of water one degree than it does to raise the temperature of the same 


volume of air to the same extent. Underdrainage makes possible a 
warmer soil. This result is of importance at all seasons of the year, 
but particularly so in the early spring. Underdrainage induces 
earlier germination and the season is made both earlier and longer. 

Another early spring advantage of underdrainage is that plowing 
may be done much earlier and with greater ease. 

Underdrainage improves the texture of the soil itself by develop- 
ing the drainage pores, producing flocculation, promoting root de- 
velopment, permitting deeper cultivation, etc. 

Underdrainage increases the available depth of soil, which is 
equivalent to increasing the available acreage without adding mate- 
rially to the amount or cost of manipulation. 

Underdrainage provides a control over irrigation and permits a 
more economical use of water, preventing surface waste when large 
heads are used. 

Underdrainage increases the available moisture in the soil itself 
instead of decreasing it, as is feared by many. This is due to the 
fact that. the plants develop a deeper and more complex rooting sys- 
tem which comes in contact with a greater number of soil particles 
and consequently a greater surface of water film area. 

For the same reason underdrainage increases the available quan- 
tity of plant food. 

Deep rooting in the spring also insures against drought. Plants 
growing on drained soil are not so liable to injury due to water short- 
age inthe summer. This is of special importance on tracts that have 
late water rights, since crops are more likely to be matured before 
the supply is cut off; but failing this, they have an increased under- 
ground supply of moisture due to underdrainage. 

Beneficial bacterial activity is largely suspended i in cold, wet soils, 
and such activity is necessary to the manufacture of plant food and 
its conversion into available form. Underdrainage increases the 
zone and intensity of such bacterial activity. 

The water developed by underdrainage is brought to the ground 
surface where it is available for reuse either by the owner or by 
others to whom it may be rented or sold. Drainage water, even from 
tracts that have been salty, may not be injurious if used on drained 
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land, since the salt content is reduced rapidly to a safe percentage, 
but this should be determined before such water is used. 


SUBSURFACE INVESTIGATIONS. 


To determine the various factors of design it is necessary to make 
a careful study of subsurface conditions, often to a depth of many 
feet. Subsurface studies may be made by means of test pits and 
borings. On account of the high cost of test pits, only a few will 
be dug ordinarily, but it is customary to make a large number of 
borings. Test pits may be dug with shovels and picks if necessary; 

but usually it is feasible to use 
telephone shovels and spoons and 
make a hole only a foot or so in 
diameter. <A. test pit affords a 
much better idea of the subsoil 
than a boring and is especially 
useful in giving an idea of the 
drainage capacity of the soil. For 
determining depth to the water 
table, fluctuations of the latter, 
depth to and the thickness of vari- 
ous substrata, a boring is nearly as 
satisfactory. It is even possible in 
this way to obtain a fair idea of 
the character of the various strata. 
Borings may be made with an 
auger consisting of a carpenter’s 
bit welded to a half-inch gas pipe, 
provided with a handle consisting 
— of a T and two short pieces of gas 
Fie. 5.—a, Soil auger suitable for making pipe. The gas-pipe stem should 

test holes. 0b, Earth auger suitable for ; . 

boring observation wells and relief be cut in 4-foot lengths so that it 

wells. The latter is adjustable and the jay be extended as the depth of 

jaws open for discharging the dirt. i : ° 

boring increases. The screw tip 
and the sharp wings should be removed from the bit. Figure 5 
shows such an implement. Care must be used to secure the type of 
bit shown, as an ordinary twist bit is not satisfactory. 

In making soil borings only a turn or two should be given at a 
time, the soil being removed and examined by augersful. The 
character of the soil may be determined by the way the auger cuts, 
the difficulty in pulling it out, the way the soil holds together when 
being removed from the auger, and by rubbing the soil between the 
fingers or gritting it between the teeth. 
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If it is desired to observe the pehavior of the ground-water table 
over a more or less extended period it will be necessary to install 
observation wells. These may be bored with an earth auger or a 
post-hole auger (fig. 5), and ordinarily must be lined to prevent 
filling. The most suitable casing is made of ordinary galvanized 
downspouting perforated at frequent intervals on several sides with 
a nail. The casing should extend a half foot or more above the 
ground level and should be capped or provided with a plug. A 
round block of wood should be fitted into the lower end to prevent 
mud from rising in the casing. In the case of a gravel subsoil an 
ordinary well point screwed onto a length of iron pipe serves ad- 
mirably. 

A number of such wells should be installed on most irrigated 
farms so that the owners may have immediate notice of coming 
injury and be prepared to combat it before crops are lost and be- 
fore soil conditions become bad, making construction costs much 
higher than they should be. Men have declared frequently that 
the ground water on their farms was not within 20 feet of the sur- 
face when, as a matter of fact, it was within 2 or 3 feet. 

Every irrigated farm should be supplied with a soil auger such 
as that described above, and it should be used intelligently in con- 
nection with irrigation practice. Many farmers in the irrigated 
section consider a soil auger of as great importance as any tool or 
implement they possess. 

The making of subsurface studies for the actual design of a drain- 
age system, however, ordinarily should be left to some one trained 
in drainage work, as there are few projects so small or apparently 
so simple as not to warrant the employment of such a person. Sur- 
veys must be made in order to design an economical and efficient 
system, and it is preferable that the subsurface studies be made at 
the same time so that the surface and subsurface data may be cor- 
related properly. 


REQUIRED DEPTH OF DRAINS. 


One of the first questions asked by the landowner contemplating 
drainage of irrigated lands is “ How deep should the drains be?” 
The matter of depth is one of the most important factors, but a depth 
perfectly satisfactory in one case may render a drainage system 
unsuccessful in another. In general it may be said that drains in the 
arid section must be deeper than those in humid soils. The soils 
themselves usually are deeper and the plant-root systems extend to 
greater depths. But more important than either of these considera- 
tions is the fact that most irrigated soils contain salts that are harm- 
ful to crop development when present in excess on or near the ground 
15159°—23——2 
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surface. These salts may become concentrated on the ground sur- 
face, even though the depth to the water table be several feet. The 
soil moisture rises several feet above the free water table in the soil, 
and this moisture is charged with harmful salts wherever the ground 
water contains such ingredients. The harmfulness depends in a large 
measure upon the concentration of the soil solution, so a given 
amount of salt may become harmful if transpiration or evaporation 
removes a portion of the water and leaves the salts. It is important, 
therefore, to lower the water table deep enough that the plant roots 
will not feed in salty solutions. The height to which water will rise 
by capillary attraction varies with the kind of soil, being greater in 
the case of fine-grained, compact soils than in loose, coarse-grained 
soils. The height of rise in clay often is twice as great as that in 
sandy loam. If the sand be very fine, however, the height of rise 
may be nearly as great as in clay. Experience throughout the entire 
arid West leads to the conclusion that drains rarely should be placed 
at depths less than 6 feet; that is, the distance to the water surface 
in the drains should not be less than 6 feet. 

The subsoil is almost never homogeneous, however, and any change 
in formation has an important bearing on the required depth of 
drain. This is true whether the change is from a compact to a loose 
formation or vice versa. It is especially true if a stratum of either 
more or less pervious material is found within, say, 10 feet of the 
ground surface. For instance, assume that the tract under considera- 
tion is injured by seepage from higher land; that the first 2 feet of 
soil consist of loam, the next 4 feet of clay, and that under the clay is 
a layer of sand a foot thick, followed by more clay. The depth to 
the top of the sand is, therefore, 6 feet, and if a drain is installed 6 
feet deep it will lie on top of the sand layer. As may be expected, 
the damaging water seeping from the higher land moves through 
this sand layer, therefore the drain fails to intercept it and the 
drainage system is a failure. Moreover, the sand makes a very un- 
stable foundation for a drain and the tile is likely to get out of 
alinement, off grade, or even to be up-ended and filled with sand. 
Even if none of these things happens, there is great danger of sand 
and silt making their way into the tile and obstructing it. It is quite 
evident that the drains should be laid on the clay underlying the 
pervious stratum or perhaps be bedded slightly into the clay. In 
that case there would be no danger of the tile getting out of position 
and the drain would be very effective. Thus an additional foot in 
depth often makes the difference between success and failure. It is 
necessary to know the existing underground conditions in each case 
before the proper depth can be decided upon. 

Much the same situation would arise if the soil were a sand with 
a hard, impervious layer at 7 feet. Water reaching the tract by 
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seepage from higher land would be likely to move along the im- 
pervious layer, and if a drain be laid at a depth of 6 feet the water 
would continue to pass under it and the tile would be likely to 
become displaced and obstructed. Manifestly the correct practice 
would be to lay the tile on or slightly in the hard, stable stratum. 
Even if the soil be homogeneous the question of depth is of great 
importance. In such a case the effectiveness of the drain increases 
with the depth. A line drawn along the surface of the water table 
from one drain to the next is a curve which rises rapidly away 
from the horizontal near the drains, but is very flat midway be- 
tween drains (fig. 6). If the depth of the drains be increased the 
depth to this curve is increased at every point, but not equally so. 
Thus with drains at a given distance apart, the drainage is improved 
greatly over the whole area, or the same minimum depth may be 
obtained with the drains placed farther apart. It becomes a plain 
economic problem, 
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to 10 feet deep, and 
even more, have been 
installed, but their 
cost has been so much greater per unit of length, and the difficulties 
of construction have been so much more serious, that, although they 
have been more effective, requiring fewer lines, it is questionable 
whether they have been more economical. Suitable trenching ma- 
chinery is limited to a trenching depth of 8 feet, and unless some 
special condition exists which necessitates a greater depth it is 
recommended that the depth of drains be kept within this limit. 

It is not always true, however, that the effectiveness of a drain 
increases with the depth. For example, in a subsoil that changes 
from a sand to a compact, relatively impervious clay at 6 feet, it 
would not be wise to install drains at a depth of 10 feet since they 
would then be laid in material that yields very little water, and the 
effectiveness of the system would be little greater than if the drains 
were installed only 6 or 7 feet deep, and the expense of the extra 
cutting would be wasted. There is even a possibility that the drains 
would be ineffective at such a depth. If the subsoil is a joint clay, 
however, it wiil be found to drain as readily as sand, 






Fig. 6.—Cross section through soil, showing profile of 
ground-water surface between drains. 
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Drains having a depth of from 2 to 4 feet, such as are employed 
in humid sections, are practically worthless in the reclamation of 
irrigated lands. 


SPACING AND LOCATION OF DRAINS. 


The landowner contemplating drainage invariably asks the ques- 
tion, “ How far apart should drains be placed in draining irrigated 
lands?” This question, like that as to the proper depth of drains, 
does not admit of a definite answer. The question is more one of 
location than of spacing, and the two factors must be considered 
together, the latter usually depending largely on the former. 

The damaging water may have several sources of supply and, as 
likely as not, it will be moving laterally through the soil instead of 
percolating downward from surface application. The chief sources 
of supply, aside from direct precipitation and the melting of snow 
on the ground surface of the tract itself, are downward percolation 
of the excessive water used in the irrigation of the tract itself, sur- 
face run-off from higher land, supplied as precipitation, melting 
snow, irrigation or seepage brought to the surface; lateral under- 
ground seepage from the irrigation of higher lands, and losses from 
ditches, canals, and reservoirs; and, in some instances, direct natural 
seepage from the mountains. 

Ordinary drainage methods would serve for the removal of the 
moisture applied directly to the tract itself, from whatever source, 
but this constitutes the smallest part of the problem. In the ma- 
jority of instances it is necessary to intercept lateral seepage from 
higher lands before the damaging water reaches the tract in ques- 
tion. Often a combined system is necessary. . 

In the interception of lateral seepage the question of location is 
of highest importance, while the question of spacing is of little or no 
consequence. One properly placed line of drain will be more likely 
to reclaim successfully the injured area than a dozen lines placed 
at random, however closely they may be spaced. It is not unusual to 
find that a single drain will reclaim a 40-acre tract, when it can be 
located so that it will intercept the damaging water along the line of 
its appearance as seepage. For instance, consider a tract of land in- 
jured by seepage from higher land. The seepage appears usually 
along a belt at the change of slope from a steep to a lighter grade. 
If the subsoil be examined, it probably will be found that there is a 
more pervious stratum of material, say sand, at a depth of several 
feet. This stratum of sand acts like a pipe line, leading from the 
source of supply and pouring the damaging water into the lower 
land, since the flatter slope is insufficient to carry the water away 
as rapidly as it reaches the tract. Now, if a drain is located just 
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below the line of the change of slope, at or near the upper edge of 
the wet area, and is at sufficient depth to cut through the sand layer, 
the flow of water will be intercepted and the water will be carried 
away in the drain without doing damage to the land. (See fig. 7.) 

The conditions must 
be studied thoroughly 
and to a_ sufficient 
depth to make sure 


that there is no per- SHAY Y) 
vious stratum under- Yy 
lying the drain 
through which water Yj UN is 
may seep to the lower Y Ullel es YY 
land. In case such a Ee eta sastetes tig yyy, Vib td. 
nT case sh SS 7/7/7 
stratum exists at a syn” 
depth of, say, 10 feet 
or more, it will not 
be feasible ordinarily to reach it with a drain line, but a drain of 
ordinary depth may be installed and relief wells bored in the bottom 
of the trench to the stratum, thus providing passageways through 
which the water may 
rise and reach the 
drain. (See fig. 8.) 
After an intercept- 
ing drain is installed 
and the seepage from 
outside sources is cut 
off the natural drain- 


Y age of the tract usu- 
YY ally is sufficient to take 
/ depth V; Yy care of the water ap- 


/ 
YY, YW gv! — one. “plied to the tract itself, 
Y Yj but if this is found to 
YY / Ys be not the case it will 
yy Wi (deni. be necessary to install 
UM (Ee 












Fic, 7.—Drain properly laid to carry off seepage. 
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‘ renee excess water. The 
hee question of spacing 
may come in here, 
especially if the tract be rather flat and has a fairly uniform 
surface. If the subsoil be clay, with a sand stratum at a depth of 
several feet, drains 660 to 1,320 feet apart will serve. If no sand 
stratum be present it may be necessary to reduce the spacing to from 
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440 to 660 feet, but if the subsoil be sand the spacing may be greater 

than 1,320 feet, and in the case of gravel subsoil the spacing may 

be a half of a mile or more. Where the subsoil was a coarse gravel 

some very satisfactory systems have been installed with drains every 
half mile, with the depth from 6 to 8 feet. 

If the tract in question be cut up by swales and depressions the in- 

stallation of a regularly spaced system is not advisable. Generally, 

in such a case, the 

drains should be lo- 

cated in the swales. 

(See fig. 9.) The lat- 

ter arrangement has 


Yj, some exceptions in 
Y/4 cases where the sub- 
4 S soil underlying the 


Guéa« iar 
Fig. 9.—Cross section through soil, showing method of lying the high er 
draining swales. a. is 

ground. Often it is 

necessary to have the drain lines run at the edge of the swales, two 


lines being required for each swale. (See fig. 10.) It has been 


Wet Area 


found necessary in some instances to locate the drains on the higher 
land. 

The installation of 
area, with the idea of Y ate oe tinal 
drawing out the water, iy 
should be attempted 
is a coarse gravel, and 27/7 “rhe 
not even then if the *. FMS, , 
slope. 

As a rule drains in py, 10.—Ccross section showing application of double 
the irrigated section _ line of tile. This is made necessary by the absence of 
slope rather than down the slope. The reason for this is that with 
the drains running down the slope the damaging water would be 
moving in the same direction that the drains run, and consequently 
to reach the lower land and doing damage. The only land drained 
would be that in the immediate vicinity of the drain lines. 
The average amount of tile per acre ordinarily employed in farm 


drains below the wet 
only when the subsoil 
a The LEE: 3 
land above the wet ge ePyees Riis3 3S yi: 
area has a greater Uy Yf) 
WM) 
von ectoes the natural pervious material underlying the middle of the swale. 
very little water would reach the drains, the remainder continuing 
drainage in the irrigated section is about 66 feet. At this rate a 
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mile of tile will drain about 80 acres of land, or a square mile of land 
will require about 8 miles of tile. 


TYPES OF DRAINS. 


There are two general types of drains in use in the irrigated sec- 
tion—the open ditch and the covered drain. Since this discussion 
deals only with the individual farmer’s problem, no consideration will 
be given to the large open canals used for outlets in community or 
district system. The open ditch, as its name implies, is merely a 
waterway cut into the soil so that it will receive the underdrainage 
from adjacent land. The covered drain consists essentially of an un- 
derground conduit for the collection and transportation of subsur- 
face water. It is superior to the open ditch, except where grades are 
very flat or where the quantities of water to be handled are large. 
The chief reason for using the latter is largely one of economy, and a 
decision as to the type to be used should be made only after all fac- 
tors having a bearing on the subject are considered carefully. 

The open ditch itself takes up considerable space, and the material 
removed in building it usually is of such a quality that it is not wise 
to spread it over the surface of the adjacent land, so additional space 
is lost. Moreover, it is not safe to irrigate land close to such a chan- 
nel, as there is danger of the water breaking into the ditch, with 
consequent injury to it and the land. Even a very small ditch may 
require that a strip of land several rods in width shall be rendered 
useless for agricultural purposes, so that an effective drainage system 
may reduce materially the available acreage of a farm. To keep an 
open ditch open the sides must be made sloping, not steeper than one 
horizontal to one vertical, and to prevent the growth of vegetation 
and the accumulation of mud, etc., in the channel from obstructing 
it the bottom width should be not less than 4 feet, except in gravel 
or stiff clay, where it may be 3 feet, so it becomes necessary to exca- 
vate much more material than in trenching for covered drains. But 
in spite of careful design, construction, and operation open ditches 
are sure to require a great deal of maintenance and repair, and the 
expense for these often amounts to more in the long run than the 
extra cost of covered drains. 

Open ditches are unsightly and provide harborage for obnoxious 
weeds and breeding places for injurious and disagreeable insects. 
Their presence is a constant source of danger to farm animals. 
They cut up the farm into inconvenient and irregular shapes and 
require the installation of farm bridges and flumes in order to 
facilitate communication between the various parts of the farm 
and for the conveyance of irrigation water and waste water from 
tract to tract. Covered drains, on the other hand, are not subject 
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to these objections. They take up no valuable space, and if properly 
installed require little or no maintenance. The only way in which 
difficulty can occur, in connection with vegetation, is the possibility 
of water roots choking the drains, and this can not occur if lines 
are kept away from water-loving trees, and if such plants as the 
sugar beet are not grown directly over the drains. 

In order to decide between types of drains, it is proper to add to 
the estimated cost of open ditches a sum sufficient to pay at current 
interest rates a return large enough to pay the annual maintenance, 
which often is 10 per cent of the first cost, and compare this total 
with the first cost of covered drains. For instance, assuming that 
the first cost of the open ditch would be 50 cents per foot and of 
the covered drain $1.25 per foot, if the maintenance cost is 5 cents 
per foot per year for the open ditch and the interest rate is 5 per 
cent, it will be necessary to add $1 per foot to the actual cost to 
pay for the maintenance. This makes the cost of the latter $1.50 
per foot, as against $1.25 for the former. When the maintenance 
cost is considered, the covered drain often will be found actually 
cheaper than the open ditch, and when the desirability of the two is 
considered there is no comparison. 

The most suitable material for use in a covered drain is clay tile. 
It should be hard burned but not brittle. The 2-foot length is the 
most satisfactory. The tile should be straight and truly cylindrical 
in shape. The walls should be smooth and free from serious cracks 
and blisters. The ends should be free from rough edges and irregu- 
larities, The tile should be uniform in size and thickness for any 
given diameter. The walls should have fairly uniform thickness at 
both ends and at various points of the circumference. They should 
be very impervious and have a low porosity. The material from 
which the tile is made should be free from foreign ingredients, par- 
ticularly cinders and free lime. 

Pole drains, brush drains, mole drains, rock drains, and cobble 
drains are almost useless in irrigated soils and never should be in- 
stalled. Lumber box drains have been used to some extent as a sub- 
stitute for clay tile, but their use is a doubtful economy. Cement tile 
as at present manufactured is not recommended for the drainage of 


alkali lands. 
SIZES OF DRAINS. 


The spacing of drains in the irrigated section usually is much 
greater than in humid sections, and frequently a single line of drain 
may effect the reclamation of a considerable acreage. From this it 
will be concluded that larger drains will be required in the drain- 
age of irrigated lands. It has been found that they need not be pro- 
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portionately larger, however, since the amount of water which it 
it necessary to take care of is smaller for a given acreage. In the 
arid section there is likely to be a continuous discharge of drainage 
water throughout the year, and frequently the discharge is very uni- 
form at all times. However, there are certain maximum flows, 
usually during the period of greatest irrigation application, and it is 
necessary to provide a drainage capacity that will take care of such 
flows. 

If only the required capacity of the drain were considered, it would 
be found feasible to do a great deal of drainage with 4-inch and 
5-inch tile, but experience has shown that the use of tile smaller 
than 5-inch is not satisfactory, while 5-inch should be used only for 
short branch lines or at the upper ends of branch lines. The follow- 
ing table is offered for purposes of comparing the carrying capacity 
of tile lines of different sizes, on the assumption that all are laid on 
the same grade. 


Relative carrying capacity of tile of different sizes. 





One— Will carry the discharge of— 
UE 8 Soutsid acing nacene pocswa sae see Two 5-inch tiles. 
MENINS <5 bAsiesReShimenVasctensssedeae Two6-inch tiles. 
PIOGAIO 5 5 ssn coun du peeragotdesseste abe One 8-inch and one 6-inch tile. 
DEIN e255 os tsdee ine Secckdnaonoecie One 10-inch, one 8inch, and one 5-inch tile; or three 8-inch 


| tiles; or seven 6-inch tiles; or twelve 5-inch tiles. 





As a rule, tile larger than 12-inch in diameter is not used in in- 
dividual farm drainage. 

The size of tile required depends on the amount of water to be 
carried and on the slope of the drain. The latter can be decided upon 
when the survey of the land is made and the fall to the outlet is 
measured. The former is not so easy to determine. It depends on 
the location of the tract, the nature of the soil, the slope of the ground 
both on the tract and above it; on the quantity of water used in 
irrigation and on the method of irrigating, both on the tract and on 
higher land; on the rainfall and evaporation; on the seepage from 
reservoirs, canals, and ditches; and on many other factors. Indeed, 
the determination of the required capacity of a drainage system is 
the most difficult problem confronting drainage engineers, and de- 
mands their best efforts. Intricate measurements and calculations 
must be made in each instance. It is therefore impossible to give 
definite instructions in regard to this important matter. It is pos- 
sible, however, to give a general idea of required sizes based on a wide 
experience under a great variety of conditions. The following table 
is intended to apply to fairly uniform land not located at the foot 
of steeper slopes or benches, nor in pockets or depressions, nor in flat 
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river bottoms where it will receive surface run-off from higher land, 
nor where it will receive water from deep sources by pressure. The 
assumed slope of the tile is 2 feet per thousand feet. 


Sizes of tile required to drain given areas having different types of soil. 


Size of tile required. 


Area of 
tract (in |—A — 


acres). Clay with sand stratum. | Gravel. 


If the soil be compact clay, a given size of tile will drain larger 
areas than indicated. If the subsoil be joint clay, the “sand” table 
should be used. If the drain be located at the foot of a bench or in 
a gravel pocket, none of the above bases will apply. A better basis 
for design in such cases is the length of a given size of tile which it 
is safe to use. A slope of 2 feet per 1,000 feet is assumed, as before. 
The following table will give a rough idea: 


Sizes of tile required for drains of different lengths. 


Size of tile. 





For greater slopes smaller tile is required, and for flatter slopes 
larger tile is necessary, the variation in capacity being as the square 
root of the slope. 

For open ditches the bottom width should be 4 feet and the side 
slopes should be at least 1 to 1. Thus for a depth of 6 feet the top 
width would be 16 feet or more, and for a depth of 8 feet the top 
width would be 20 feet or more. 

In the installation of a drainage system it should be borne in mind 
that the improvement is permanent, and that after the tile is once 
covered up it is more expensive to uncover and relay it with larger 
tile than to install a new drain, so it is false economy to cut down on 
the size of tile. It is much better to err on the side of too great 
capacity than too small. 
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CONSTRUCTION METHODS. 


In many instances owing to lack of humus the soils of the arid 
region are very fluxible when wet, and the construction of drainage 
systems is very difficult and requires painstaking care and ingenuity. 
Special methods and devices have to be employed, and special ma- 
chinery has been developed. 

Drain lines must be laid out carefully and grade stakes set. The 
completed drain must be true to grade and as straight as possible. 
For hand trenching it is advisable to stretch a cord on the ground 









along one edge of the a 

g g Cottonwood Maul Forged Driving Cap 
proposed trench to ob- ete ide tidak ee 
tain good alignment. ‘Le. ~ 
To insure accurate ad ' 


| ay ~ 
grade at all points, a j 
grade planks should be ~ 
set up at each station 
at a uniform height 
above the grade of the 
drain, as shown in the 
illustration on the title 
page. Astout cord 
then may be stretched 
over the middle line of 
the trench from plank 
to plank and every 
point on this cord will 
be the given height 
above grade. Grade 
may be established at 
one end of each tile 
with a grade pole hav- 


M Fig. 11.—Showing shiplap sheeting and method of in- 
ing a length equal to _ stallation for drains 6 feet in depth in fluxible soils. 


For deeper drains, two sets of timbers and braces 


the distance from the dices wb woah 


cord to the proper 

location for the tile. This may be accomplished by keeping the cord 
taut by suspending a tile or other weight at each end and measuring 
down from the cord at the desired points. 

Construction work always should start at the outlet of each line 
and proceed up the slope, so that the water developed will drain 
away. 

In installing covered drains either hand labor or trenching ma- 
chinery may be used. Frequently on small projects hand trenching is 
cheaper, but usually on larger projects machines can do the work 
more rapidly, economically, and satisfactorily. It is preferable to 
let a contract for the work to an experienced and capable contractor. 
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If hand labor is used it usually is necessary to operate with small 
gangs, ordinarily about a half dozen men to the line, as the trench 
must be opened from the top to the bottom as rapidly as possible 
and the tile laid and blinded before caving takes place. The men 
should work as closely together as practicable and not even the first 
spading should be taken more than a rod in advance of the tile 
laying. Each man should remove a spading, moving backward at 
the same time. The man removing the last spading should also 
grade the bottom. He should not. step on the finished bottom and 
no one should stand near the edge of the trench, nor should wagons 
or material of any sort be permitted near the trench. The soil re- 
moved from the trench should be placed as far back as it conven- 
iently may be. The tile should be laid at once and blinded by means 
of a few inches of earth caved from the edges of the trench. If the 
banks tend to cave off in large chunks or slabs it will be necessary 
to brace them apart with planks separated by stout crosspieces or 
trench jacks. 

A very troublesome condition is that in which the presence of a 
wet, pervious stratum near the bottom of the trench causes a lateral 
and upward movement of the soil in the bottom of the trench. In 
such a case it is necessary to provide a tight cribbing to shut out the 
oozing material. A design for such a cribbing is shown in Figure 11. 
It consists of two heavy timbers, held apart by trench jacks, behind 
which is driven lumber sheeting properly matched and beveled at the 
lower ends to insure a tight fit. The sheeting may be driven by 
means of a heavy maul and may be removed with a three-legged 
derrick and a special grabhook like that shown in the figure. 

If the soil ia the bottom of the completed trench is so soft that it 
will not support a man’s weight, wooden racks or cradles should be 
laid under the tile to keep it in line and on grade. If conditions are 
exceedingly bad it often is advisable to use sewer pipe in place of 
drain tile, as the bells aid in keeping the line intact. Second quality 
sewer pipe is suitable and generally may be purchased at about the 
same price as drain tile. Under ordinary conditions, however, the 
use of sewer pipe is not recommended, since the cost of freight and 
hauling is higher than for drain tile and it is heavier and more difli- 
cult to handle. Also in stable ground it is necessary to dig out 
places for the bells, which considerably increases the cost of trench- 
ing. 

Tile should be laid with extreme care. The joints should be as 
close as possible, and if the soil is semifluid and contains much fine 
sand and silt it will be necessary to provide some means of keeping 
the oozing material from entering the tile joints. Almost all the 
water entering tile lines makes its way through the joints, practically 
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none entering through the walls of even the more porous tile, so the 
covering for the joints must provide for the ready passage of water. 
Straw makes a very good filter when new, but it is likely to decom- 
pose and form a sticky, impervious mass over the joints. Brush and 
willows are not satisfactory and render any subsequent removal of 
the tile very difficult. Graded gravel, ranging in size from sand to 
pebbles an inch in diameter, makes an excellent filter, but it is not 
always available. Cinders also are satisfactory. Strips of burlap 
wrapped about the joints give good service temporarily. The custom 
of merely laying strips of building paper over the tops of the joints 
can not be commended, since the greatest tendency is for the sand 
and silt to enter at the bottom of the joint. Wide strips of heavy 
tarred roofing material should be wrapped entirely around the joint, 
or a wide strip of the material should be unrolled onto the bottom of 
the trench, as the tile is laid, and then strips laid over the joints, 
joining the longitudinal strip, after which the filter material should 
be placed around and over the joint. 

The more pervious materials should be placed adjacent to the tile. 

The backfilling may be done with a plow with three or more horses 
and a long pole evener, or with a scraper, road grader, or go-devil. 
Recently power backfillers have been placed on the market. All the 
soil should be returned to the trench and be banked up over it, so 
that future settling will not leave a depression over the drain. 

In machine trenching it generally is necessary to draw a portable 
shield after the machine in which the tile may be laid and blinded 
before caving takes place. Figure 12 shows such a shield in use in 
trenching in unstable soil. This illustration also affords an idea of 
the depth of drains required for reclamation of irrigated land. The 
man in the shield is standing on top of a 15-inch tile. There are 
several types of suitable trenching machines, but as machine work 
usually is let by. contract, the choice of type must be left to the con- 
tractor. 


DEVICES. 


Bulkheads and outfalls—The outlet of a drainage system should 
come in for more consideration and attention than usually is given 
to it. If the tile line discharges into a deep ravine or river channel 
at some distance above the water level an outfall should be provided. 
This may consist of a corrugated iron pipe extending far enough 
out over the bank to discharge the drainage water directly into the 
stream without striking the bank and causing erosion. The other 
end should be anchored by means of a concrete wall and a careful 
connection with the tile line must be made so that water will not 
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find its way along the outside of the conduit. The last few joints 
between tile should be cemented. 

If the drain discharges at or near the water level or bottom of a 
channel a concrete, brick, or timber bulkhead should be constructed 
to prevent injury from frost and from the caving of the banks, and 
to prevent the washing out of the tile line at the lower end. Care 
should be taken that it has a good foundation, in order that it may 
not be undermined. Figure 13 shows a cheap and easily built con- 
crete bulkhead. A network of heavy wires or small.rods of copper 


Fig. 12.—View showing trenching machine provided with caterpillar traction and port- 
able shields for use in fluxible soils. Note the additional broad wide-spaced wheels 
at back which support the cutting unit and shield. 


or galvanized iron should be placed across the outlet to keep out 
small animals. A length of corrugated-iron pipe makes a very satis- 
factory outlet for a tile drain. 

Manholes.—A change in direction of a line of tile should be made 
gradually by a smooth curve, or a manhole about 4 feet across should 
be installed at the point of change. If the soil contain much fine 
sand, a combination manhole and sand trap should be located at such 
a point, as well as at every change from a steep to a lighter grade. 
Such a device serves as an observation well in which the flow may 
be seen and the general conditions of the system watched. It also 
serves as a settling basin for any sand or silt that may be carried by 
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the drain, and if the trap be made to extend a foot or two below the 
drain, a chamber is formed in which a considerable amount of sedi- 


ment is held until it can be re- 
moved. The manhole may be 
provided also with a surface in- 
let to make it possible for the 
drain to take care of surface 
water and, if desired, to provide 
for flushing the drain. Asa man- 
hole proper it provides a means 
for the operation of a root-cut- 
ting or drain-cleaning device 
operated by sewer rods. [If it is 
expected that such work will be 
necessary, the drains should be 
laid out in straight lines with 
grades as uniform as possible, 
and a manhole should be pro- 
vided at each junction, change in 








Fig. 18.—Concrete bulkhead for use at outlet 


of tile drain. 


slope from steep to a 
lighter grade, and on 
straight sections at inter- 
vals of not to exceed 500 
feet. 

The most suitable man- 
hole is built of corrugated- 
iron pipe, as shown in 
Figure 14, but lumber is 
often used. When built of 
lumber, 2-inch material 
should be used. Figure 15 
shows a simple type of 
manhole, constructed of 
lumber and so designed 
that the earth pressure 
will maintain it in spite of 
the failure of the nails. 
In most places the man- 
hole should be: provided 
with a bottom and it 
always should be fitted 
with a cover that can be 
locked down. 


Observation wells.—If little sand be present, rendering sand traps 
unnecessary, it still is desirable to provide for observation of the 
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flow at points throughout the system. Nothing serves this purpose 
better than a vertical stack of large-sized second-grade sewer pipe, 
extending from a little above the surface of the ground to a foot or 
more below the tile line, and having holes cut in the lower length to 
accommodate the drain. Such a device is shown in Figure 15. As 
may be seen, a small settling space is provided, from which sedi- 
ment may be removed with a telephone spoon. A cover always 
should be provided 
and the joints should 
be cemented. This 
device costs little and 
occupies small space. 
If desired, the top 
section may be re- 
moved subsequently, 
a cap provided for 
the second section, 
and cultivation be 
carried on directly 
over the top. Such a 
device also may be 
installed for inspec- 
tion purposes between 
regular manholes. 

Surface inlets and 
flushing wells —A 
vertical stack of pipe 
is useful also as a sur- 
face inlet or flushing 
well. Figure 17 
shows how it should 
be installed. The bot- 
tom should be paved 
with coarse gravel 
and the top provided with an iron grating and a mound of gravel 
or crushed stone. The backfill should be well compacted around 
the stack. Such an inlet should be installed wherever a drain 
crosses a depression or flat, so that the waste water or storm water 
may not pond long enough to puddle the soil or “ burn” the crop. 
During irrigation the entrance of water may be prevented by throw- 
ing up a circular ridge of earth around the mound. One of these de- 
vices also should be used at the upper end of each branch line. The 
first few lengths of tile in the drain should be a size larger than the 
tile designed for the drain, so the water will not be retarded in its 
progress into the drain. 
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Fic. 15.—Combination manhole and sand trap with cover 
that does not depend upon nails to hold it together. 
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Flumes.—Flumes should be provided for all canals and ditches 
that cross above underdrains, and care should be taken to prevent 
large quantities of water from flowing across drains, particularly 
during the first few seasons after the installation of the system. 

Relief wells —The source of damaging water often is in some deep, 
pervious stratum, and the movement is upward. The stratum is con- 


nected with a higher-lying source 
of supply, and the water is under 
pressure. Ordinary methods of 
drainage avail little since the dam- 
aging water rises between drains 
however closely they may be 
spaced, and it is not unusual to 
find water standing on the ground 
surface within 10 feet of a drain 
6 feet or more in depth. The 
source of the water may be in 
gravel, sand, stratified shale, sand 
rock, or lava. A pressure condi- 
tion has been found even where the 
only change in subsoil conditions 
was in the nature of the clay strata. 

To meet the condition it is nec- 
essary to install relief wells con- 
necting the pervious stratum with 
a tile drain laid at ordinary depth. 
The pressure causes the water to 
rise through the relief wells which 
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Fic. 16.—Observation well and sand trap 
constructed of pipe. 


act as vertical drains. The sole purpose of the ordinary drain is 
to carry off the water brought up by the relief well, and it accom- 
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plishes little or no direct 
drainage. Figure 18 
shows a relief well in the 
bottom of a trench. The 
tile had not been installed 
when the view was taken. 
With the pressure relieved 
at the drain level the 
damaging water no longer 


Fig. 17.—Surface inlet and flushing well built up can make its way to the 


of large tile and sewer pipe. 


ground surface within the 


area affected by the well or system of wells. It is necessary in each 
case to determine the required number and spacing of the wells and 
the best indication is the effect of one well upon another. 
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An earth auger may be used for the installation of relief wells in 
ordinary soil, but in shale or rock it is necessary to use a well-drilling 
outfit. Often it is necessary to drill to a depth of from 20 to 50 feet. 
Usually relief wells must be cased. A vertical stack of tile or an iron 
pipe may be used for this purpose. Wooden tubes also have been 
employed. The casings should be connected carefully to the drain 

line so there will be no 
danger that they will silt 
up in periods of inactivity. 


COSTS. 


Owing to the great va- 
riety of conditions met in 
the drainage of irrigated 
lands, the cost of such 
work varies over a wide 
range. Chief among the 
many factors influencing 
cost are the size of the 
tract to be reclaimed, its 
relation to surrounding 
tracts, the degree of wet- 
ness, nature of the soil, 
type of drain installed, op- 
portunity of obtaining an 
outlet, availability of ma- 
terials, distance from fac- 
tories and from railway 
connections, quality and 
cost of labor, feasibility of 
using machinery, season in which the ‘work is done, knowledge of 
the man in charge, and method of handling the construction work. 

Experience in practically all the Western States, under many dif- 
ferent conditions, shows that the cost of draining ordinary-sized 
farms having an average soil that is neither so hard as to require 
picking nor so soft that serious caving of the banks of trenches will 
take place, ranges from $15 to $45 per acre, with the average $30 
per acre. If hardpan, rock, or shale be present, or if the soil be flux- 
ible, the cost may run up to $50 per acre, or even more if much tight 
sheeting of the trenches is necessary. In a few special cases drainage 
of small tracts in the midst of unreclaimed lands has cost between 
$75 and $100 per acre, but these costs represent situations that would 
not be encountered in regular operations. 


Fig. 18.—Relief well in bottom of drain trench. 
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In regard to costs per unit of length of drain it may be said that 
clay tile at the factory ranges in cost from about 2 cents per inch of 
inside diameter per foot of length for the smaller sizes up to about 
24 cents in the larger sizes. Hand trenching for tile up to 12 inches 
in diameter, under ordinary conditions, ranges in cost from 15 to 25 
cents per linear foot for an average depth of 6 feet, with the cost 
increasing about 50 per cent for each additional foot, while trenching 
in hard or fluxible material will run up to more than 25 cents per foot 
for 6-foot trenching. Rock work would of course be much higher. 
When tight sheeting is required the work will cost 50 cents or more 
per linear foot. Machine trenching usually is cheaper than hand 


trenching. 
ALKALI RECLAMATION. 


It has been stated that underdrainage is the basis of the reclama- 
tion of alkali or silt lands, and the fact has been pointed out that 
drainage alone often is ineffective for complete reclamation and that 
subsequent treatment is necessary. The salt content not only must 
be reduced to a safe percentage, but it may be found that the presence 
of the salts has injured the physical texture of the soil and perhaps 
destroyed the humus content. Humus must be restored, evaporation 
must be reduced so that the future rise of salts may be prevented, and 
the tilth of the soil must be improved. 

If expedition be desired in the removal of salts, or if natural 
precipitation and irrigation are insufficient to effect a satisfactory 
reduction in the percentage, a good-sized stream of irrigation water 
should be turned on the land and allowed to percolate through the 
soil as rapidly as possible. This is best accomplished by dyking the 
land into checks and ponding the water as deeply as feasible, each 
check having as large an area as the slope of the ground and the 
amount of available water will permit. In no case should an attempt 
be made to flush the salts from the surface, They must be leached 
out and carried downward in solution to the underground reservoir. 
The desirability of using large checks and liberal quantities of water 
is due to the fact that capillary attraction is equally effective in all 
directions, and it is necessary to offset the tendency of the salts to 
move laterally in the soil and reappear on a higher or dryer portion 
of the tract. For this reason it is required to make sure, in flooding, 
that all the surface is covered, even if knolls and ridges must be 
leveled first. It is advisable generally to cultivate a field thoroughly 
before the leaching process, but in some cases 1t has been found to 
be more satisfactory to flood first and then cultivate as soon after- 
ward as possible. If the subsoil be so impervious that the leaching 
water does not percolate readily, it may be necessary to resort to 
subsoiling or blasting. 
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The following actual example of reclamation is offered to demon- 
strate the principles that have been stated : 

Before drainage the ground water on a certain tract stood within 
2 feet of the surface, which was covered with a white crust of alkali 
salts. Nothing of value grew on the tract, the only vegetation being 
an occasional salt weed. The average salt content for the first 4 
feet of depth was 2.25 per cent of the soil. A drainage system was 
installed and in a month’s time the excess water in the soil had run 
out, so that the ground water table was practically down to the level 
of the drains. This excess water contained a great deal of salt in 
solution, so that analyses made at the end of the month showed that 
the average salt content for the 4 feet had been reduced to approxi- 
mately 1 per cent. The ground surface was cultivated and irrigated 
with a limited supply of water and some crops were planted, but 
gave only fair results. Meanwhile the higher temperature of sum- 
mer had increased the evaporation and it was found that the average 
salt content for the 4 feet increased to 1.28 per cent in spite of the 








1915 9.25%  &efore drainage. drainage. A near-by uncul- 
APRIL : hector et tivated and unirrigated spot 
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age salt content for S 
Fic. 19.—Diagram showing typical reclamation of = * t : t for the first 
alkali lands. Quantities are percentages of total 4 feet of 1.51 per cent. It 


See ee was evident that drainage 
alone would never reclaim the tract, so a heavy flooding was given 
it with the result that the average salt content for the first 4 feet 
was reduced to 0.43 per cent, which is less than one-fifth of the 
original content. At this time the near-by uncultivated spot showed 
an average salt content for the first 4 feet of 1.73 per cent, an 
increase which was due to the flooding of adjacent land while the 
spot itself remained dry. Further irrigation of the drained tract 
will reduce the salt content on the tract and increase that on the 
uncultivated spot. The results of this experiment are shown graphi- 
cally in Figure 19. 

Land should be cropped as soon as possible after reclamation; 
some crop which will shade the ground is preferable. If possible, 
the plants should be more or less alkali resistant. It must be kept 
in mind that the harmful salts are brought to the surface of the 
ground in solution by the capillary action of the soil and that they 
are deposited upon the surface when the solution is evaporated; 
hence the advisability of planting shading crops which reduce the 
evaporation. Artificial or soil mulches accomplish the same thing, 
and if shading crops are not planted the soil should be kept well 
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stirred. Subsoiling, in addition to assisting the leaching water to 
percolate to the drains, breaks up the capillary columns and retards 
the upward movement of salts. 

Copious amounts of water should be used in irrigation and the 
water should be spread at once over as large areas as possible, mak- 
ing sure that the ground is covered as uniformly as may be. Waste 
water should not be allowed to run off the tract, as it is only the 
water that percolates downward that removes an appreciable amount 
of salt. However, water should not be allowed to pond in depres- 
sions or elsewhere for any considerable time after the head is turned 
off. If there is a tendency for the water to pond in this manner, 
either the depressions should be leveled up or surface inlets to the 
drain lines be provided, so that the excess may be removed in a short 
time. 

Alfalfa and sugar beets are fairly resistant to the effects of alkali 
salts and shade the ground surface well. Alfalfa is a valuable crop 
anywhere in the irrigated section and sugar beets are being planted 
over a large portion of the West. Sweet clover, while not so valu- 
able a crop, is very useful in reclamation work. All of these crops 
may be used in restoring humus to the soil. Grains do fairly well, 
barley being the most resistant, but they do not offer much shade 
or add greatly to the humus content of the soil when plowed under. 
For best results grain should be planted in the fall so that the plants 
may become sturdy before the salts become concentrated on and near 
the surface the following spring. It has been shown by Thomas H. 
Kearney‘ that the can. sorghums, and to a less degree the grain 
sorghums, are adapted to use on reclaimed lands. 


MAINTENANCE. 


If an underdrainage system be of proper design and construc- 
tion, the matter of maintenance is of small consequence. If silt has 
accumulated in the tile lines during construction they should be 
cleaned out before the job is accepted. Irregularities due to the set- 
tling of the backfill should be corrected so that irrigation water will 
have no opportunity of making its way directly into a drain line. 
Vegetation that is likely to develop roots in the tile and obstruct the 
drains should be removed from the vicinity of the lines. Silt may 
continue to find its way into the tile lines for some time. This will 
be caught in the sand traps and should be removed from time to time. 

In cases of serious obstruction of the tile by sediment or by the 
growth of roots, the conduit may be cleared with special cleaning 
devices, a number of which have been developed. These are very 
useful during construction in keeping the suspended matter in mo- 


1 Kearney, Thomas H. The ee, - Crops for Alkali Land. U. 8. Dept. of Agricul- 
ture, Farmers’ Bulletin 446, pp. 20— 
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tion near the point of laying until sufficient water is developed to 
carry the material along. After the system is put in operation they 
may be used to clean out such roots as may have penetrated the tile 
line through the joints or to clear the line of obstructions caused by 
sand and silt. One of these devices is in the nature of an auger, 
while another is built like a small hoe. For the removal of roots an 
apparatus involving a spiral cutter is used, or, better still, a sort of 
wire brush. The latter is also useful in removing other obstructions 
and may be made easily by wrapping a piece of leather belting 
around a cylindrical wooden rod, first having driven the belting full 
of nails of such length that the outside diameter of the completed 
brush is somewhat smaller than the inside diameter of the tile to be 
cleaned. A still simpler device, and one that has proved very satis- 
factory, is a bunch of barbed wire. These devices may be operated 
most conveniently by means of jointed sewer rods. The latter are 
made up in 8 or 4 foot sections, fitted with couplings so arranged 
that they may be joined when two sections are placed at right angles, 






















Fic. 20.—Sewer rods and tile-cleaning devices. 


and are locked together when the two sections are in line. Working 
in a manhole 4 feet across, a man can easily put together and operate 
several hundred feet of rod in a tile line. Figure 20 shows a set of 
sewer rods and cleaning devices that have given satisfaction in 
operation. 

The operation of drainage systems should be observed frequently 
by examination of the flow at the outlet and through manholes, 
observation wells, etc., and if any portion becomes inactive it should 
be looked after at once, for it should be remembered that the dam- 
aging alkali salts have not been removed entirely by drainage, and 
that a subsequent rise of the ground-water table certainly will be 
followed by a new accumulation of these harmful substances. 















NECESSITY AND ADVANTAGES OF COOPERATION. 










Frequently it is not feasible for one individual to drain alone, and 
it is almost never economical to do so. The unit cost of drainage 
decreases as the size of the tract increases. This is due partly to 
the fact that a system installed on a small tract receives water from 
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without the boundaries of the tract and accomplishes more or less 
complete drainage over a considerable area. Furthermore, the unit 
cost of all materials and operations is less on the larger projects, and 
the required capacity of drains becomes relatively smaller as the 
unit becomes larger while the cost per unit of water carried is much 


6, less in the case of large tile than in the small. Economy demands 
' that tracts as large as possible be handled as units, and where the 


land is owned by a number of persons it is necessary that some sort 
of cooperation be effected. Cooperation by mutual agreement usually 
is difficult and sometimes impossible to secure, owing to an unpro- 
gressive spirit among some of the landowners. Cooperation under 
an official organization is much more satisfactory and effective, and 
the legislatures of practically all the Western States have provided 
Jaws under which cooperative work may be done. 

In general, these laws provide for the formation of drainage 
districts and for their government, prescribe their powers and privi- 
leges, and outline the duties of their officers. The direction of the 
business of a drainage district is in the hands of a board of drainage 
supervisors who are appointed by the county commissioners or the 
district court, depending upon which is the recognized authority 
in the matter of formation of drainage districts. Drainage dis- 
tricts may exercise the right of eminent domain and bonds may be 
issued to pay for the construction work. The bonds are retired by 
assessments collected in the same way and as a part of the regular 
taxes against the property, so that the cost of reclamation is borne 
by the returns from the land and is not a direct burden on the land- 
owners. The construction work should be done under the direction of 
a drainage engineer appointed by the board of supervisors. 

The usual procedure is to present a petition to the court or board 
stating that the lands are in need of drainage and that the benefits 
of reclamation will exceed the sum of the damages caused and the 
cost of the work. Hearings are held after due notice has been given, 
and the district is organized as a legal institution. In most States 
the organization of such districts is effected so easily and the opera- 
tion under the law is so simple that it is advisable to make use of 
this method in carrying out the work. 


CONCLUSIONS. 


The drainage of wet and alkaline lands in the irrigated section is 


7 entirely feasible and may be accomplished economically if properly 


done. Such drainage must be the basis for the reclamation of these 
lands. Tile drainage is recommended for farm practice. _Thor- 
ough studies of subsurface conditions must be made before success- 
ful systems can be designed. The present demand for the products 
of the farm make it imperative that these lands be reclaimed. 
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ANY acres of irrigated land have become water- 
logged. These must be drained before they 
can be brought back into use. 


Much irrigated land contains an excess of alkali 
salts, and underdrainage is the basis of the process 
for their removal. 


Water which percolates deep into the soil follow- 
ing irrigation often raises the water table to the 
height of the plant roots, where it may remain to the 
detriment of plant growth. Underdrainage will re- 
move this useless water. When the salt content is 
sufficiently reduced, water so removed may be used 
again in irrigation. 


Seepage or storm water from adjacent tracts, or 
water released in the soil by spring thaws, may escape 


either through surface drains or through under- 
drains. 


Underdrainage prevents the heaving of soil by 
frost, and permits its ventilation. It makes possible 
a warmer soil, permits deeper cultivation, and, by 
allowing the plants to develop a deeper and more 
complex rooting system, actually increases the avail- 
able moisture in the soil, instead of decreasing it; by 
the same means it increases the available plant food. 

Methods of draining irrigated farms are described 
in this bulletin. 


Issued June, 1917; revised July, 1925 
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NEED FOR DRAINAGE OF IRRIGATED LANDS. 


THE drainage of irrigated lands differs from the drainage of wet 

lands in general in that it is undertaken to protect or reclaira 
from injury lands which have been reclaimed from their naturally 
desert condition at considerable expense and have been productive, 
The drainage of such land means not merely an addition to the pro- 
ductive area but the saving of the original investment in such land 
in the farm of which it is a part and in the water supply for irri- 
gation. 

Practically every valley where irrigation has been carried on for 
any considerable length of time has lands in need of drainage. 
Several classes of land in the irrigated section require artificial drain- 
age in order to be fitted for crop production. 

There are natural swamps, but these constitute a minor portion of 
the area under consideration. They are located chiefly near lakes 
or watercourses and represent surface accumulations of water. They 
usually are given over to tule growths, bulrushes, and willows. 

Other naturally wet areas are those at the foot of mountains, 
benches and steeper slopes, produced by seepage from precipitation 
and from melting snows in the mountains or by springs fed from 
the same sources. ; 

Of more importance than either of the foregoing, however, are 
the man-made swamps, the products of irrigation. The area of such 
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lands constitutes by far the greatest portion of the entire area in 
need of drainage. Lands accustomed to a very limited supply of 
water from natural precipitation have been drenched with water 
and subjected to additional supply by leakage from reservoirs, 
canals, and ditches. Some areas have been converted into veritable 
swamps; others have become waterlogged, so that they are impassa- 
ble by man or beast and unproductive of useful vegetation; and 
still others have passed from a condition of high productivity to 
one fit only for wet pastures (fig. 1). These conditions are readily 
recognizable, and the need for drainage is evident, but the result of 


Fic. 1.—Bog produced by overirrigation. 


overirrigation manifests itself often in an accumulation of alkali 
salts on or near the ground surface, without any apparent wetness 
(fig. 2). Drainage is the only cure for the latter condition. 

Frequently the lands injured by irrigation are not those on which 
the water is applied, but lower-lying lands injured by the seepage 
from the higher land. 

In addition to the foregoing there are natural alkaline areas that 
never have been farmed. The reclamation of these lands must be 
based on underdrainage. 





Drainage of Irrigated Farms. 


BENEFICIAL RESULTS OF DRAINING IRRIGATED LANDS. 


As the fundamental basis of all other benefits drainage removes 
excess water from the soil, whether on the surface or contained as 
free water within the pores of the soil. 





Fig. 2.—An alkaline barren absolutely devoid of vegetation, formerly cultivated but 
ruined by overirrigation, 


Fic. 3.—Former wet, pasture, now drained and plowed for cropping. 


In many instances irrigated land contains an excess of alkali salts 
and underdrainage is the basis of the process for the removal of 
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these harmful salts. All of these salts are soluble in water and the 
soil water usually is charged with them so that in effecting its re. 
moval the salts in solution are removed. Where surface accumulation 
of salt powder or crystals has taken place, it usually is desirable to 
apply water artificially to leach out the salts. 

Precipitation, which plays such an important part in drainage 
problems in humid sections, is of little importance in the irrigated 
section, but there are occasional heavy rains that are capable of doing 
damage by raising the ground-water table at just the wrong time. 

Of far greater importance than precipitation is the water lost by 
deep percolation following irrigation. In undrained soils this often 
brings the water table up around the plant roots where it may remain 


Fie. 4.—Sugar beets growing on formerly alkaline tract reclaimed by drainage. 


for a dangerous length of time. Underdrainage will take care of 
such excess unless unusually wasteful methods are used in irriga- 
tion. 

Water making its way onto a tract by waste or seepage, or storm 
water from an adjacent tract, may be taken care of without injury 
to the tract by underdrainage supplemented by surface drainage, if 
desirable. : 

A sudden change of temperature in the spring often supplies a sur- 
plus of water by the melting of snow or of frozen ground. Under- 
drainage takes off such water. 

Underdrainage also prevents the heaving of soil by frost. 

It is manifest that air and water can not occupy the same space at 
the same time and that water, being heavier, will crowd the air out 
of the soil pores. It is well known that for proper plant develop- 
ment the presence of air in the soil is as important as a supply of 
moisture. When underdrainage is installed and the excess water 
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moves downward, the air is admitted into the soil and the proper 
balance between the air and moisture content is restored. 

When organic matter decays in the absence of air, as in water- 
logged soils, gases and other substances are sometimes formed which 
are injurious to plants. This is avoided by underdrainage, which 
enables the air to enter the soil. 

It takes much more heat to raise the temperature of a given volume 
of water one degree than it does to raise the temperature of the same 
volume of air to the same extent. Underdrainage makes possible a 
warmer soil. This result is of importance at all seasons of the year, 
but particularly so in the early spring. Underdrainage induces 
earlier germination and the season is made both earlier and longer. 

Another early spring advantage of underdrainage is that plowing 
may be done much earlier and with greater ease. 

Underdrainage improves the texture of the soil itself by develop- 
ing the drainage pores, producing flocculation, promoting root de- 
velopment, permitting deeper cultivation, etc. 

Underdrainage increases the available depth of soil, which is 
equivalent to increasing the available acreage without adding mate- 
rially to the amount or cost of manipulation. 

Underdrainage provides a control over irrigation and permits a 
more economical use of water, preventing surface waste when large 
heads are used. 

Underdrainage increases the available moisture in the soil itself 
instead of decreasing it, as is feared by many. This is due to the 
fact that the plants develop a deeper and more complex rooting sys- 
tem which comes in contact with a greater number of soil particles 
and consequently a greater surface of water film area. 


For the same reason underdrainage increases the available quan- 


tity of plant food. 

Deep rooting in the spring also insures against drought. Plants 
growing on drained soil are not so liable to injury due to water short- 
age inthe summer. This is of special importance on tracts that have 
late water rights, since crops are more likely to be matured before 
the supply is cut off; but failing this, they have an increased under- 
ground supply of moisture due to underdrainage. 

Beneficial bacterial activity is largely suspended in cold, wet soils, 
and such activity is necessary to the manufacture of plant food and 
its conversion into available form. Underdrainage increases the 
zone and intensity of such bacterial activity. 

The water developed by underdrainage is brought to the ground 
surface where it is available for reuse either by the owner or by 
others to whom it may be rented or sold. Drainage water, even from 
tracts that have been salty, may not be injurious if used on drained 
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land, since the salt content is reduced rapidly to a safe percentage, 
but this should be determined before such water is used. 





SUBSURFACE INVESTIGATIONS. 


To determine the various factors of design it is necessary to make 
a careful study of subsurface conditions, often to a depth of many 
feet. Subsurface studies may be made by means of test pits and 
borings. On account of the high cost of test pits, only a few will 
be dug ordinarily, but it is customary to make a large number of 
borings. Test pits may be dug with shovels and picks if necessary; 
but usually it is feasible to use 
telephone shovels and spoons and 
make a hole only a foot or so in 
diameter. A test pit affords a 
much better idea of the subsoil 
than a boring and is especially 
useful in giving an idea of the 
drainage capacity of the soil. For 
determining depth to the water 
table, fluctuations of the latter, 
depth to and the thickness of vari- 
ous substrata, a boring is nearly as 
satisfactory. It is even possible in 
this way to obtain a fair idea of 
the character of the various strata. 
Borings may be made with an 
auger consisting of a carpenter’s 
bit welded to a half-inch gas pipe, 
provided with a handle consisting 

————— of a T and two short pieces of gas 
Oe ee ee ae pipe. The gas-pipe stem should 

Wohae' sotcettion Getic baa retiel be cut in 4-foot lengths so that it 

wells. The latter is adjustable and the jay be extended as the depth of 

jaws open for discharging the dirt. fe y ‘ 
boring increases. The screw tip 
and the sharp wings should be removed from the bit. Figure 5 
shows such an implement. Care must be used to secure the type of 
bit shown, as an ordinary twist bit is not satisfactory. 

In making soil borings only a turn or two should be given at a 
time, the soil being removed and examined by augersful. The 
character of the soil may be determined by the way the auger cuts, 
the difficulty in pulling it out, the way the soil holds together when 
being removed from the auger, and by rubbing the soil between the 
fingers or gritting it between the teeth. 
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If it is desired to observe the pehavior of the ground-water table 


over a more or less extended period it will be necessary to install 


observation wells. These may be bored with an earth auger or a 
post-hole auger (fig. 5), and ordinarily must be lined to prevent 
filling. The most suitable casing is made of ordinary galvanized 
downspouting perforated at frequent intervals on several sides with 
a nail. The casing should extend a half foot or more above the 
ground level and should be capped or provided with a plug. A 
round block of wood should be fitted into the lower end to prevent 
mud from rising in the casing. In the case of a gravel subsoil an 
ordinary well point screwed onto a length of iron pipe serves ad- 
mirably. 

A number of such wells should be installed on most irrigated 
farms so that the owners may have immediate notice of coming 
injury and be prepared to combat it before crops are lost and be- 
fore soil conditions become bad, making construction costs much 
higher than they should be. Men have declared frequently that 
the ground water on their farms was not within 20 feet of the sur- 
face when, as a matter of fact, it was within 2 or 3 feet. 

Every irrigated farm should be supplied with a soil auger such 
as that described above, and it should be used intelligently in con- 
nection with irrigation practice. Many farmers in the irrigated 
section consider a soil auger of as great importance as any tool or 
implement they possess. _ 

The making of subsurface studies for the actual design of a drain- 
age system, however, ordinarily should be left to some one trained 
in drainage work, as there are few projects so small or apparently 
so simple as not to warrant the employment of such a person. Sur- 
veys must be made in order to design an economical and efficient 
system, and it is preferable that the subsurface studies be made at 
the same time so that the surface and subsurface data may be cor- 
related properly. 


REQUIRED DEPTH OF DRAINS. 


One of the first questions asked by the landowner contemplating 
drainage of irrigated lands is “ How deep should the drains be?” 
The matter of depth is one of the most important factors, but a depth 
perfectly satisfactory in one case may render a drainage system 
unsuccessful in another. In general it may be said that drains in the 
arid section must be deeper than those in humid soils. The soils 
themselves usually are deeper and the plant-root systems extend to 
greater depths. But more important than either of these considera- 
tions is the fact that most irrigated soils contain salts that are harm- 
ful to crop development when present in excess on or near the ground 
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surface. These salts may become concentrated on the ground sur- 
face, even though the depth to the water table be several feet. The 
soil moisture rises several feet above the free water table in the soil, 
and this moisture is charged with harmful salts wherever the ground 
water contains such ingredients. The harmfulness depends in a large 
measure upon the concentration of the soil solution, so a given 
amount of salt may become harmful if transpiration or evaporation 
removes a portion of the water and leaves the salts. It is important, 
therefore, to lower the water table enough to prevent the plant roots 
from feeding in salty solutions. The height to which water will rise 
by capillary attraction varies with the kind of soil, being greater in 
the case of fine-grained, compact soils than in loose, coarse-grained 
soils. The height of rise in clay often is twice as great as that in 
sandy loam. If the sand be very fine, however, the height of rise 
may be nearly as great as in clay. Experience throughout the entire 
arid West leads to the conclusion that drains rarely should be placed 
at depths less than 6 feet; that is, the distance to the water surface 
in the drains should not be less than 6 feet. 

The subsoil is almost never homogeneous, however, and any change 
in formation has an important bearing on the required depth of 
drain. This is true whether the change is from a compact to a loose 
formation or vice versa. It is especially true if a stratum of either 
more or less pervious material is found within, say, 10 feet of the 
ground surface. For instance, assume that the tract under considera- 
tion is injured by seepage from higher land; that the first 2 feet of 
soil consist of loam, the next 4 feet of clay, and-that under the clay is 
a layer of sand a foot thick, followed by more clay. The depth to 
the top of the sand is, therefore, 6 feet, and if a drain is installed 6 
feet deep it will lie on top of the sand layer. As may be expected, 
the damaging water seeping from the higher land moves through 
this sand layer, therefore the drain fails to intercept it and the 
drainage system is a failure. Moreover, the sand makes a very un- 
stable foundation for a drain and the tile is likely to get out of 
alignment, off grade, or even to be up-ended and filled with sand. 
Even if none of these things happens, there is great danger of sand 
and silt making their way into the tile and obstructing it. It is quite 
evident that the drains should be laid on the clay underlying the 
pervious stratum or perhaps be bedded slightly into the clay. In 
that case there would be no danger of the tile getting out of position 
and the drain would be very effective. Thus an additional foot in 
depth often makes the difference between success and failure. It is 
necessary to know the existing underground conditions in each case 
before the proper depth can be decided upon. 

Much the same situation would arise if the soil were a sand with 
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_ seepage from higher land would be likely to move along the im- 


pervious layer, and if a drain be laid at a depth of 6 feet the water 
would continue to pass under it and the tile would be likely to 
become displaced and obstructed. Manifestly the correct practice 
would be to lay the tile on or slightly in the hard, stable stratum. 
Even if the soil be homogeneous the question of depth is of great 


. jmportance. In such a case the effectiveness of the drain increases 


with the depth. A line drawn along the surface of the water table 
from one drain to the next is a curve which rises rapidly away 
from the horizontal near the drains, but is very flat midway be- 
tween drains (fig. 6). If the depth of the drains be increased the 
depth to this curve is increased at every point, but not equally so. 
Thus with drains at a given distance apart, the drainage is improved 
greatly over the whole area, or the same minimum depth may be 
obtained with the drains placed farther apart. It becomes a plain 
econ?mic problem, tt p to gctigaste oy . 

therefore, and costs see haylc iat Peal: wait pi yl 
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must be compared YY 

carefully to deter- Y 
mine whether a few 

expensive, deep drains Y 

are cheaper than a Ground water curve; 


greater number of 1 Yy 
comparatively shal- SH) ; 

low drains. Drains 8 Ys Wl 1 Yj 
to 10 feet deep, and ‘ 


Fic. 6.—Cross section through soil, showing profile of 
“soe more, have been ground-water surface between drains. 
installed, but in some 


instances their cost has been so much greater per unit of length, and 
the difficulties of construction have been so much more serious, that, 
although they have been more effective, requiring fewer lines, it is 
questionable whether they have been more economical. 

It is not always true, however, that the effectiveness of a drain 
increases with the depth. For example, in a subsoil that changes 
from a sand to a compact, relatively impervious clay at 6 feet, it 
would not be wise to install drains at a depth of 10 feet since they 
would then be laid in material that yields very little water, and the 
effectiveness of the system would be little greater than if the drains 
were installed only 6 or 7 feet deep, and the expense of the extra 
cutting would be wasted.. There is even a possibility that the drains 
would be ineffective at such depth. If the subsoil is a joint clay, 
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Drains having a depth of from 2 to 4 feet, such as are employed 
in humid sections, are practically worthless in the reclamation of 


irrigated lands. 
SPACING AND LOCATION OF DRAINS. 


The landowner contemplating drainage invariably asks the ques- 


tion, “ How far apart should drains be placed in draining irrigated . 


lands?” This question, like that as to the proper depth of drains, 
does not admit of a definite answer. The question is more one of 
location than of spacing, and the two factors must be considered 
together, the latter usually depending largely on the former. 

The damaging water may have several sources of supply and, as 
likely as not, it will be meving laterally through the soil instead of 
percolating downward from surface application. The chief sources 
of supply, aside from direct precipitation and the melting of snow 
on the ground surface of the tract itself, are downward percolation 
of the excessive water used in the irrigation of the tract, surface 
run-off from higher land, supplied as precipitation, melting snow, 
irrigation or seepage brought to the surface; lateral underground 
seepage from the irrigation of higher lands, and losses from ditches, 
canals, and reservoirs; and, in some instances, direct natural seepage 
from the mountains. 

Ordinary drainage methods would serve for the removal of the 
moisture applied directly to the tract itself, from whatever source, 
but this constitutes the smallest part of the problem. In the ma- 
jority of instances it is necessary to intercept lateral seepage from 
higher lands before the damaging water reaches the tract in ques- 
tion. Often a combined system is necessary. 

In the interception of lateral seepage the question of location is 
of highest importance, while the question of spacing is of little or no 
consequence. One properly placed line of drain will be more likely 
to reclaim successfully the injured area than a dozen lines placed 
at random, however closely they may be spaced. It is not unusual to 
find that a single drain will reclaim a 40-acre tract, when it can be 
located so that it will intercept the damaging water along the line of 
its appearance as seepage. For instance, consider a tract of land in- 
jured by seepage from higher land. The seepage appears usually 
along a belt at the change of slope from a steep to a lighter grade. 
If the subsoil be examined, it probably will be found that there is a 
more pervious stratum of material, say sand, at a depth of several 
feet. This stratum of sand acts like a pipe line, leading from the 
source of supply and pouring the damaging water into the lower 
land, since the flatter slope is insufficient to carry the water away’ 
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" below the line of the change of slope, at or near the upper edge of 
_ the wet area, and is at sufficient depth to cut through the sand layer, 


the flow of water will be intercepted and the water will be carried 
away in the drain without doing damage to the land. (See fig. 7.) 
The conditions must 
be studied thoroughly 
and to a sufficient 
depth to make sure —— 
that there is no per- Ve a 
yious stratum under- 
lying the drain 
through which water 
may seep to the lower La y 
land. In case such a fri V tee 7 ty 
stratum exists at a 53/7/77 
depth of, say, 10 feet Yili titi 
or more, it will not 
be feasible ordinarily to reach it with a drain line, but a drain of 
ordinary depth may be installed and relief wells bored in the bottom 
of the trench tothe stratum, thus providing passageways through 
which the water may 
NW rise and reach the 


drain. (See fig. 8.) 
After an intercept- 
Y ing drain is installed 
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Fic. 7.—Drain properly laid to carry off seepage. 
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drains to remove the 
excess water. The 
question of spacing 
may come in here, 
especially if the tract be rather flat and has a fairly uniform 
surface. If the subsoil be clay, with a sand stratum at a depth of 
several feet, drains 660 to 1,320 feet apart will serve. If no sand 
stratum be present it may be necessary to reduce the spacing to from 
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Fic. 8.—Relief well. 
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440 to 660 feet, but if the subsoil be sand the spacing may be greater 
than 1,320 feet, and in the case of gravel subsoil the spacing may 
be a half of a mile or more. Where the subsoil was a coarse gravel 
some very satisfactory systems have been installed with drains every 
half mile, with the depth from 6 to 8 feet. 

If the tract in question be cut up by swales and depressions the in- 
stallation of a regularly spaced system is not advisable. Generally, 
in such a case, the 
drains should be lo- 
eated in the swales, 
(See fig. 9.) The lat- 
ter arrangement has 
some exceptions in 
¥ cases where the sub- 
soil underlying the 
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Mae Tile AY eis 
Mie IY) swales is less pervi- 
ous than that under- 
Fic. 9.—Cross section through soil, showing method of lying the higher 
SRN mee ground. Often it is 
necessary to have the drain lines run at the edge of the swales, two 
lines being required for each swale. (See fig. 10.) It has been 
found necessary in some instances to locate the drains on the higher 
land. 
The installation of 
drains below the wet Ym 
area, with the idea of 


drawing out the water, Yy Z 
should be attempted 

only when the subsoil . 

is a coarse gravel, and “7% : 7 
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As a rule drains in fy, 10.—Cross section showing application of double 
the irrigated section _ line of tile. This is made necessary by the absence of 
pervious material underlying the middle of the swale 

run across the natural 


slope rather than down the slope. The reason for this is that with 
the drains running down the slope the damaging water would be 
moving in the same direction that the drains run, and consequently 
very little water would reach the drains, the remainder continuing 
to reach the lower land and doing damage. The only land drained 
would be that in the immediate vicinity of the drain lines. 

The average amount of tile per acre ordinarily employed in farm § 
drainage in the irrigated section is about 66 feet. At this rate 
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mile of tile will drain about 80 acres of land, or a square mile of land 


_ will require about 8 miles of tile. 


TYPES OF DRAINS. 


There are two general types of drains in use in the irrigated sec- 
tion—the open ditch and the covered drain. Since this discussion 
deals only with the individual farmer’s problem, no consideration will 
be given to the large open canals used for outlets in community or 
district systems. The open ditch, as its name implies, is merely a 
waterway cut into the soil so that it will receive the underdrainage 
from adjacent land. The covered drain consists essentially of an un- 
derground conduit for the collection and transportation of subsur- 
face water. It is superior to the open ditch, except where grades are 
very flat or where the quantities of water to be handled are large. 
The chief reason for using the latter is largely one of economy, and a 
decision as to the type to be used should be made only after all fac- 
tors having a bearing on the subject are considered carefully. 

The open ditch itself takes up considerable space, and the material 
removed in building it usually is of such a quality that it is not wise 
to spread it over the surface of the adjacent land, so additional space 
is lost. Moreover, it is not safe to irrigate land close to such a chan- 
nel, as there is danger of the water breaking into the ditch, with 
consequent injury to it and the land. Even a very small ditch may 
require that a strip of land several rods in width shall be rendered 
useless for agricultural purposes, so that an effective drainage system 
may reduce materially the available acreage of a farm. To keep an 
open ditch open the sides must be made sloping, not steeper than one 
horizontal to one vertical, and to prevent the growth of vegetation 
and the accumulation of mud, etc., in the channel from obstructing 
it the bottom width should be not less than 4 feet, except in gravel 
or stiff clay, where it may be 3 feet, so it becomes necessary to exca- 
vate much more material than in trenching for covered drains. But 
in spite of careful design, construction, and operation open ditches 
are sure to require a great deal of maintenance and repair, and the 
expense for these often amounts to more in the long run than the 
extra cost of covered drains. 

Open ditches are unsightly and provide harborage for obnoxious 
weeds and breeding places for injurious and disagreeable insects. 
Their presence is a constant source of danger to; farm animals. 
They cut up the farm into inconvenient and irregular shapes and 
require the installation of farm bridges and flumes in order to 
facilitate communication between the various parts of the farm 
and for the conveyance of irrigation water and waste water from 
tract to tract. Covered drains, on the other hand, are not subject 
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to these objections. “They take up no valuable space, and if properly 
installed require little or no maintenance. The only way in which 
difficulty can occur, in connection with vegetation, is the possibility 
of roots choking the drains, and this can not occur if lines are 
kept away from water-loving trees, and if such plants as the sugar 
beet are not grown directly over the drains. 

In order to decide between types of drains, it is proper to add to 
the estimated cost of open ditches a sum sufficient to pay at current 
interest rates a return large enough to pay the annual maintenance, 
which often is 10 per cent of the first cost, and compare this total 
with the first cost of covered drains. For instance, assuming that 
the first cost of the open ditch would be 50 cents per foot and of 
the covered drain $1.25 per foot, if the maintenance cost i& 5 cents 
per foot per year for the open ditch and the interest rate is 5 per 
cent, it will be necessary to add $1 per foot to the actual cost to 
pay for the maintenance. This makes the cost of the latter $1.50 
per foot, as against $1.25 for the former. When the maintenance 
cost is considered, the covered drain often will be found actually 
cheaper than the open ditch, and when the desirability of the two is 
considered there is no comparison. 

The most suitable material for use in a covered drain is clay tile. 
It should be hard burned but not brittle. The 2-foot length is the 
most satisfactory. The tile should be straight and truly cylindrical 
in shape. The walls should be smooth and free from serious cracks 
and blisters. The ends should be free from rough edges and irregu- 
larities, The tile should be uniform in size and thickness for any 
given diameter. The walls should have fairly uniform thickness at 
both ends and at various points of the circumference. They should 
be very impervious and have a low porosity. The materia] from 
which the tile is made should be free from foreign ingredients, par- 
ticularly cinders and free lime. 

Pole drains, brush drains, mole drains, rock drains, and cobble 
drains are almost useless in irrigated soils and never should be in- 
stalled. Lumber box drains have been used to some extent as a sub- 
stitute for clay tile, but their use is a doubtful economy. Cement tile 
as at present manufactured is not recommended for the drainage of 


alkali lands. 
SIZES OF DRAINS. 


The spacing of drains in the irrigated section usually is much 
greater than in humid sections, and frequently a single line of drain 
may effect the reclamation of a considerable acreage. From this it 
will be concluded that larger drains will be required in the drain- 
age of irrigated lands. It has been found that they need not be pro- 
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portionately larger, however, since the amount of water which it 
| it necessary to take care of is smaller for a given acreage. In the 
arid section there is likely to be a continuous discharge of drainage 

water throughout the year, and frequently the discharge is very uni- 
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form at all times. However, there are certain maximum flows, 
usually during the period of greatest irrigation application, and it is 
necessary to provide a drainage capacity that will take care of such 
flows. 

If only the required capacity of the drain were considered, it would 
be found feasible to do a great deal of drainage with 4-inch and 
5-inch tile, but. experience has shown that the use of tile smaller 
than 5-inch is not satisfactory, while 5-inch should be used only for 
short branch lines or at the upper ends of branch lines. The follow- 
ing table is offered for purposes of comparing the carrying capacity 
of tile lines of different sizes, on the assumption that all are laid on 
the same grade. 


Relative carrying capacity of tile of different sizes. 





One— Will carry the discharge of— 
EI ros carecscnss svansscstoee ease Two 5 inch tiles, 
ERG is cee wand dunbin hoes cesNecb ens Two6-inch tiles. 
SN SER . ... «oie sh ebeUel » dastans abebes One &inch and one 6-inch tile. 
PE SEIS sc cso eb eps cdekgcisaadesto sce One 10-inch, one 8inch, and one 5-inch tile; or three 8-inch 


tiles; or seven 6-inch tiles; or twelve 5-inch tiles. 


As a rule, tile larger than 12 inches in diameter is not used in 
individual farm drainage. 

The size of tile required depends on the amount of water to be 
carried and on the slope of the drain. The latter can be decided upon 
when the survey of the land is made and the fall to the outlet is 
measured. The former is not so easy to determine. It depends on 
the location of the tract, the nature of the soil, the slope of the ground 
both on the tract and above it; on the quantity of water used in 
irrigation and on the method of irrigating, both on the tract and on 
higher land; on the rainfall and evaporation; on the seepage from 
reservoirs, canals, and ditches; and on many other factors. Indeed, 
the determination of the required capacity of a drainage system is 
the most difficult problem confronting drainage engineers, and de- 
mands their best efforts. Intricate measurements and calculations 
must be made in each instance. It is therefore impossible to give 
definite instructions in regard to this important matter. It is pos- 
sible, however, to give a general idea of required sizes based on a wide 
experience under a great variety of conditions. The following tablo 
is intended to apply to fairly uniform land not located at the foot 
of steeper slopes or benches, nor in pockets or depressions, nor in flat 
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river bottoms where it will receive surface run-off from higher land, 
nor where it will receive water from deep sources by pressure. The 
assumed slope of the tile is 2 feet per thousand feet. 


Sizes of tile required to drain given areas having different types of soil. 


Size of tile required. 








If the soil be compact clay, a given size of tile will drain larger 
areas than indicated. If the subsoil be joint clay, the “sand ” table 
should be used. If the drain be located at the foot of a bench or in 
a gravel pocket, none of the above bases will apply. A better basis 
for design in such cases is the length of a given size of tile which it 
is safe to use. A slope of 2 feet per 1,000 feet is assumed, as before, 
The following table will give a rough idea: 


Sizes of tile required for drains of different lengths. 


Maximum length. 





Size of tile. 
Sand 


stratum. | Gravel. 


Feet. Feet. 
1,300 
800 


500 
200 
100 





For greater slopes smaller tile is required, and for flatter slopes 
larger tile is necessary, the variation in capacity being as the square 
root of the slope. 

For open ditches the bottom width should be 4 feet and the side 
slopes should be at least 1 to 1. Thus for a depth of 6 feet the top 
width would be 16 feet or more, and for a depth of 8 feet the top 
width would be 20 feet or more. 

In the installation of a drainage system it should be borne in mind 
that the improvement is permanent, and that after the tile is once 
covered up it is more expensive to uncover and relay it with larger 
tile than to install a new drain, so it is false economy to cut down on 
the size of tile. It is much better to err on the side of too great 
capacity than too small. 
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CONSTRUCTION METHODS. 


In many instances owing to lack of humus the soils of the arid 
region are very fluxible when wet, and the construction of drainage 
systems is very difficult and requires painstaking care and ingenuity. 
Special methods and devices have to be employed, and special ma- 
chinery has been developed. 

Drain lines must be laid out carefully and grade stakes set. The 
completed drain must be true to grade and as straight as possible. 
For hand trenching it is advisable to stretch a cord on the ground 
along one edge of the 
proposed trench to ob- 
tain good alignment. 
To insure accurate 
grade at all points, 
grade planks should be 
set up at each station 
at a uniform height 
above the grade of the 
drain, as shown in the 
illustration on the title 
page. Astout cord 
then may be stretched 
over the middle line of 
the trench from plank i f 
to plank and every if. 
point on this cord will i il is 
be the given height i i 


above grade. Grade B i) 
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may be established at 
one end of each tile 
with a grade pole hav- po, 11.—Showing shiplap sheeting and method of in- 
ing a length equal to stallasipn oy drains 6 feet in ent an foible soils, 

; i: its timber braces 
me dutetos from ithe, :iauewaae co ur) ce oe 
cord to the proper 
location for the tile. This may be accomplished by keeping the cord 
taut by suspending a tile or other weight at each end and measuring 
down from the cord at the desired points. 

Construction work always should start at the outlet of each line 
and proceed up the slope, so that the water developed will drain 
away. 

In installing covered drains either hand labor or trenching ma- 


_ chinery may be used. Frequently on small projects hand trenching is 


cheaper, but usually on larger projects machines can do the work 
more rapidly, economically, and satisfactorily. It is preferable to 


: let a contract for the work to an experienced and capable contractor. 






















7 














== 





é 







—  —_— a 
. - 
“ae 





















Farmers’ Bulletin 805. 


If hand labor is used it usually is necessary to operate with small 

gangs, ordinarily about a half dozen men to the line, as the trench 
must be opened from the top to the bottom as rapidly as possible 
and the tile laid and blinded before caving takes place. The men 
should work as closely together as practicable and not even the first 
spading should be taken more than a rod in advance of the tile 
laying. Each man should remove a spading, moving backward at 
the same time. The man removing the last spading should also 
grade the bottom. He should not step on the finished bottom and 
no one should stand near the edge of the trench, nor should wagons 
or material of any sort be permitted near the trench. The soil re- 
moved from the trench should be placed as far back as it conven- 
iently may be. The tile should be laid at once and blinded by means 
of a few inches of earth caved from the edges of the trench. If the 
banks tend to cave off in large chunks or slabs it will be necessary 
to brace them apart with planks separated by stout crosspieces or 
trench jacks. 

A very troublesome condition is that in which the presence of a 
wet, pervious stratum near the bottom of the trench causes a lateral 
and upward movement of the soil in the bottom of the trench. In 
such a case it is necessary to provide a tight cribbing to shut out the 
oozing material. A design for such a cribbing is shown in Figure 11. 
It consists of two heavy timbers, held apart by trench jacks, behind 
which is driven lumber sheeting properly matched and beveled at the 
lower ends to insure a tight fit. The sheeting may be driven by 
means of a heavy maul and may be removed with a three-legged 
derrick and a special grabhook like that shown in the figure. 

If the soil ia the bottom of the completed trench is so soft that it 
will not support a man’s weight, wooden racks or cradles should be 
laid under the tile to keep it in line and on grade. If conditions are 
exceedingly bad it often is advisable to use sewer pipe in place of 
drain tile, as the bells aid in keeping the line intact. Second quality 
sewer pipe is suitable and generally may be purchased at about the 
same price as drain tile. Under ordinary conditions, however, the 
use of sewer pipe is not recommended, since the cost of freight and 
hauling is higher than for drain tile and it is heavier and more diffi- 
cult to handle. Also in stable ground it is necessary to dig out 
places for the bells, which considerably increases the cost of trench- 
ing. 

Tile should be laid with extreme care. The joints should be as 
close as possible, and if the soil is semifluid and contains much fine 
sand and silt it will be necessary to provide some means of keeping 
the oozing material from entering the tile joints. Almost all the 
water entering tile lines makes its way through the joints, practically — 
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“none entering through the walls of even the more porous tile, so the 
‘covering for the joints must provide for the ready passage of water. 


Straw makes a very good filter when new, but it is likely to decom- 
pose and form a sticky, impervious mass over the joints. Brush and 
willows are not satisfactory and render any subsequent removal of 
the tile very difficult. Graded gravel, ranging in size from sand to 
pebbles an inch in diameter, makes an excellent filter, but it is not 
always available. Cinders also are satisfactory. Strips of burlap 
wrapped about the joints give good service temporarily. The custom 


- of merely laying strips of building paper over the tops of the joints 


can not be commended, since the greatest tendency is for the sand 
and silt to enter at the bottom of the joint. Wide strips of heavy 
tarred roofing material should be wrapped entirely around the joint, 
or a wide strip of the material should be unrolled onto the bottom of 
the trench, as the tile is laid, and then strips laid over the joints, 
joining the longitudinal strip, after which the filter material should 
be placed around and over the joint. 

The more pervious materials should be placed adjacent to the tile. 

The backfilling may be done with a plow with three or more horses 
and a long pole evener, or with a scraper, road grader, or go-devil. 
Recently power backfillers have been placed on the market. All the 
soil should be returned to the trench and be banked up over it, so 
that future settling will not leave a depression over the drain. 

In machine trenching it generally is necessary to draw a portable 
shield after the machine in which the tile may be laid and blinded 
before caving takes place. Figure 12 shows such a shield in use in 
trenching in unstable soil. There are several types of suitable trench- 
ing machines, but as machine work usually is let by contract, the 
choice of type must be left to the contractor. 


DEVICES. 


Bulkheads and outfalls—The outlet of a drainage system should 
come in for more consideration and attention than usually is given 
to it. If the tile line discharges into a deep ravine or river channel 
at some distance above the water level an outfall should be provided. 
This may consist of a corrugated iron pipe extending far enough 
out over the bank to discharge the drainage water directly into the 
stream without striking the bank and causing erosion. The other 
end should be anchored by means of a concrete wall and a careful 
connection with the tile line must be made so that water will not 
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find its way along the outside of the conduit. The last few joints 
between tile should be cemented. 

If the drain discharges at or near the water level or bottom of a 
channel a concrete, brick, or timber bulkhead should be constructed 
to prevent injury from frost and from the caving of the banks, and 
to prevent the washing out of the tile line at the lower end. Care 
should be taken that it has a good foundation, in order that it may 
not be undermined. Figure 13 shows a cheap and easily built con- 
crete bulkhead. A network of heavy wires or small rods of copper 


See ee ee NT EE 


Fig. 12.—Tile trenching machine with shield to prevent caving in unstable soil 


or galvanized iron should be placed across the outlet to keep out 


~ small animals. A length of corrugated-iron pipe makes a very satis- 


factory outlet for a tile drain. 
Manholes.—A change in direction of a line of tile should be made 


by means of a special fitting or an angle box, or a manhole about 4 feet 3 


across should be installed at the point of change. If the soil containg” 


much fine sand, a combination manhole and sand trap should be located 


at such a point, as well as at every change from a steep to a ligh 
grade. Such a device serves as an observation well in which the flow 


may be seen and the general conditions of the system watched. It also 


serves as a settling basin for any sand or silt that may be carried 
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oints § the drain, and if the trap be made to extend a foot or two below the 
drain, a chamber is formed in which a considerable amount of sedi- 


of | ment is held until it can be re- 
icteqd 4} moved. The manhole may be 
provided also with a surface in- 


an } 

Bo let to make it possible for the 
vedi drain to take care of surface 
‘ a water and, if desired, to provide 


forflushing the drain. Asaman- 
PPer | hole proper it provides a means 
‘| for the operation of a root-cut- 
fing or drain-cleaning device 
operated by sewer rods. If it 
is expected that such work will 
benecessary, the drains should 
belaid out in straight lines with 
grades as uniform as possible, 
and a manhole should be pro- 
vided at each junction,change in 


























Fig. 14.—Manhole constructed of corrugated-iron pipe. 
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Fia. 13.—Concrete bulkhead for use at outlet of 
tile drain. 


slope from steep to a 
lighter grade, and on 
straight sections at inter- 
vals of not to exceed 500 
feet. 

The most suitable man- 
hole is built of corrugated- 
iron pipe, as shown in 
Figure 14, but lumber is 
often used. When built of 
lumber, 2-inch material 
should beused. Figure 15 
shows a simple type of 
manhole, constructed of 
lumber and so designed 
that the earth pressure 
will maintain it in spite of 
the failure of the nails, 
In most places the man- 
hole should be provided 
with a bottom and it 
always should be fitted 
with a cover that can be 
locked down, 


Observation wells.—If little sand be present, rendering sand traps 
unnecessary, it still is desirable to provide for observation of the 
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flow at points throughout the system. Nothing serves this purpose 
better than a vertical stack of large-sized second-grade sewer pipe, 
extending from a little above the surface of the ground to a foot or 
more below the tile line, and having holes cut in the lower length to 
accommodate the drain. Such a device is shown in Figure 16. As 
may be seen, a small settling space is provided, from which sedi- 
ment may be removed with a telephone spoon. A cover always 
should be provided 
and the joints should 
be cemented. This 
device costs little and 
occupies small space, 
If desired, the top 
section may be re 
moved subsequently, 
a cap provided for 
the second section, 
and cultivation be 
carried on directly 
over the top. Sucha 
device also may be 
installed for inspec- 
tion purposes between 
regular manholes. 
Surface inlets and 
flushing wells —A 
vertical stack of pipe 
is useful also as a sur- 
face inlet or flushing 
well. Figure 
shows how it should 
be installed. The bot 


Fic. 15.—-Combination manhole and sand trap with cover 
that does not depend upon nails to hold it together. tom should be paved 




















with coarse gravel 
and the top provided with an iron grating and a mound of gravel 
or crushed stone. The backfill should be well compacted around 
the stack. Such an inlet should be installed wherever a dra 
crosses a depression or flat, so that the waste water or storm water 
may not pond long enough to puddle the soil or “ burn” the crop, 
During irrigation the entrance of water may be prevented by throw 
ing up a circular ridge of earth around the mound. One of these de 
vices also should be used at the upper end of each branch line. The 
first few lengths of tile in the drain should be a size larger than the 
tile designed for the drain, so the water will not be retarded in its 
progress into the drain, 
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| Flumes—Flumes should be provided for all canals and ditches 
that cross above underdrains, and care should be taken to prevent 


large quantities of water from flowing across drains, particularly 

during the first few seasons after the installation of the system. 
Relief wells —The source of damaging water often is in some deep, 

pervious stratum, and the movement is upward. Thé stratum is con- 


nected with a higher-lying source 
of supply, and the water is under 
pressure. Ordinary methods of 
drainage avail little since the dam- 
aging water rises between drains 
however closely they may be 
spaced, and it is not unusual to 
find water standing on the ground 
surface within 10 feet of a drain 
6 feet or more in depth. The 
source of the water may be in 
gravel, sand, stratified shale, sand 
rock, or lava. A pressure condi- 
tion has been found even where the 
only change in subsoil conditions 
was in the nature of the clay strata. 

To meet the condition it is nec- 
essary to install relief wells con- 
necting the pervious stratum with 
a tile drain laid at ordinary depth. 
The pressure causes the water to 
rise through the relief wells which 
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Fre. 16.—Observation well and sand trap 


constructed of pipe. 


act as vertical drains. The sole purpose of the ordinary drain is 
to carry off the water brought up by the relief well, and it accom- 


of large tile and sewer pipe. 


RRS 1 
Fic. 17,—Surface inlet and flushing well built up 


plishes little or no direct 
drainage. Figure 18 
shows a relief well in the 
bottom of a trench. The 
tile had not been installed 
when the view was taken. 
With the pressure relieved 
at the drain level the 
damaging water no longer 
can make its way to the 
ground surface within the 


area affected by the well or system of wells. It is necessary in each 
case to determine the required number and spacing of the wells and 
the best indication is the effect of one well upon another. 
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An earth auger may be used for the installation of relief wells in 
ordinary soil, but in shale or rock it is necessary to use a well-drilling 
outfit. Often it is necessary to drill to a depth of from 20 to 50 feet, 
Usually relief wells must be cased. A vertical stack of tile or an iron 
pipe may be used for this purpose. Wooden tubes also have been 
employed. The casings should be connected carefully to the drain 
line so there will be no 
danger that they will silt 
up in periods of inactivity, 
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Owing to the great va- 
riety of conditions met in 
the drainage of irrigated 
lands, the cost of such 
work varies over a wide 
range. Chief among the 
many factors influencing 
cost are the size of the 
tract to be reclaimed, its 
relation to surrounding 
tracts, the degree of wet- 
ness, nature of the soil, 
type of drain installed, op- 
portunity of obtaining an 
outlet, availability of ma- 
terials, distance from fae- 
tories and from railway 
connections, quality and 
cost of labor, feasibility of 
a using machinery, season in which the work is done, knowledge of 
the man in charge, and method of handling the construction work. 
Experience in practically all the Western States, under many dif- 
ie ferent conditions, shows that the cost of draining ordinary-sized 
farms having an average soil that is neither so hard as to require 
~~ picking nor so soft that serious caving of the banks of trenches will 
- | take place, ranges from $15 to $45 per acre, with the average $30 
i id per acre. If hardpan, rock, or shale be present, or if the soil be flux- 
. 4 ible, the cost may run up to $50 per acre, or even more if much tight 
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Fie. 18.—Relief well in bottom of drain trench. 













sheeting of the trenches is necessary. In a few special cases drainage 
of small tracts in the midst of unreclaimed lands has cost between 
$75 and $100 per acre, but these costs represent situations that would 
not be encountered in regular operations. 










lls in 
‘illing 
) feet, 
n iron 


drain 
pe No 
ll silt 
‘ivity, 


ut va- 
net in 
gated 
such 
wide 
o the 
neing 
f the 
d, its 
nding 
 -wet- 

soil, 
d, op- 
ng an 
f ma- 
a fae 
ilway 


ity of 
ge of 


Drainage of Irrigated Farms. | 27 


In regard to costs per unit of length of drain it may be said that . 
_ clay tile at the factory ranges in cost from about 2 cents per inch of 


inside diameter per foot of length for the smaller sizes up to about 
24 cents in the larger sizes. Hand trenching for tile up to 12 inches 
in diameter, under ordinary conditions, ranges in cost from 15 to 25 
cents per linear foot for an average depth of 6 feet, with the cost 
increasing about 50 per cent for each additional foot, while trenching 
in hard or fluxible material will run up to more than 25 cents per foot 
for 6-foot trenching. Rock work would of course be much higher. 
When tight sheeting is required the work will cost 50 cents or more 
per linear foot. Machine trenching usually is cheaper than hand 


trenching. 
ALKALI RECLAMATION. 


It has been stated that underdrainage is the basis of the reclama- 
tion of alkali or salty lands, and the fact has been pointed out that 
drainage alone often is ineffective for complete reclamation and that 
subsequent treatment is necessary. The salt content not only must 
be reduced to a safe percentage, but it may be found that the presence 
of the salts has injured the physical texture of the soil and perhaps 
destroyed the humus content. Humus must be restored, evaporation 
must be reduced so that the future rise of salts may be prevented, and 
the tilth of the soil must be improved. 

If expedition be desired in the removal of salts, or if natural 
precipitation and irrigation are insufficient to effect a satisfactory 


_ reduction in the percentage, a good-sized stream of irrigation water 


should be turned on the land and allowed to percolate through the 
soil as rapidly as possible. This is best accomplished by dyking the 
land into checks and ponding the water as deeply as feasible, each 
check having as large an area as the slope of the ground and the 
amount of available water will permit. In no case should an attempt 
be made to flush the salts from the surface. They must be leached 
out and carried downward in solution to the underground reservoir. 
The desirability of using large checks and liberal quantities of water 
is due to the fact that capillary attraction is equally effective in all 
directions, and it is necessary to offset the tendency of the salts to 
move laterally in the soil and reappear on a higher or dryer portion 
of the tract. For this reason it is required to make sure, in flooding, 
that all the surface is covered, even if knolls and ridges must be 
leveled first. It is advisable generally to cultivate a field thoroughly 
before the leaching process, but in some cases it has been found to 
be more satisfactory to flood first and then cultivate as soon after- 
ward as possible. If the subsoil be so impervious that the leaching 
water does not percolate readily, it may be necessary to resort to 
subsoiling or blasting. 


* 
4 


BBS 


22 


ae SS Se ees 


eee ee ee ae gk ee eee a 


" oe 
erie my 
ecg a or 


. \» iors a i 


i 





28 Farmers’ Bulletin 805. 


The following actual example of reclamation is offered to demon- 
strate the principles that have been stated: 

Before drainage the ground water on a certain tract stood within 
2 feet of the surface, which was covered with a white crust of alkali 
salts. Nothing of value grew on the tract, the only vegetation. being 
an occasional salt weed. The average salt content for the first 4 
feet of depth was 2.25 per cent of the soil. A drainage system was 
installed and in a month’s time the excess water in the soil had run 
out, so that the ground water table was practically down to the level 
of the drains. This excess water contained a great deal of salt in 
solution, so that analyses made at the end of the month showed that 
the average salt content for the 4 feet had been reduced to approxi- 
mately 1 per cent. The ground surface was cultivated and irrigated 
with a limited supply of water and some crops were planted, but 
gave only fair results. Meanwhile the higher temperature of sum- 
mer had increased the evaporation and it was found that the average 
salt content for the 4 feet increased to 1.28 per cent in spite of the 

1915 19.95% Before dranage. drainage. A near-by uncul- 
APRIL tivated and unirrigated spot 

which had been affected to 
Effect of irrigation some extent by the drain- 
Y, sprinkling fecting. age system showed an aver- 
Fic. 19.—Diagram showing typical reclamation of ony salt content for the first 
alkali lands. Quantities are percentages of total 4 feet of 1.51 per cent. It 
Se ee was evident that drainage 
alone would never reclaim the tract, so a heavy flooding was given 
it with the result that the average salt content for the first 4 feet 
was reduced to 0.43 per cent, which is less than one-fifth of the 
original content. At this time the near-by uncultivated spot showed 
an average salt content for the first 4 feet of 1.73 per cent, an 
increase which was due to the flooding of adjacent land while the 
spot itself remained dry. Further irrigation and flooding of’ the 
drained tract, together with the beneficial effects of precipitation, 
reduced the salt content of the soil to 0.20 per cent. The results of 
this experiment are shown graphically in Figure 19. 

Land should be cropped as soon as possible after reclamation; 
some crop which will shade the ground is preferable. If possible, 
the plants should be more or less alkali resistant. It must be kept 
in mind that the harmful salts are brought to the surface of the 
ground in solution by the capillary action of the soil and that they 
are deposited upon the surface when the solution is evaporated; 
hence the advisability of planting shading crops which reduce the 
evaporation. Artificial or soil mulches accomplish the same thing, 
and if shading crops are not planted the soil should be kept well 
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| | stirred. Subsoiling, in addition to assisting the leaching water to 
_ percolate to the drains, breaks up the capillary columns and retards 
the upward movement of salts. 


Copious amounts of water should be used in irrigation and the 


water should be spread at once over as large areas as possible, mak- 


ing sure that the ground is covered as uniformly as may be. Waste 
water should not be allowed to run off the tract, as it is only the 
water that percolates downward that removes an appreciable amount 
of salt. However, water should not be allowed to pond in depres- 
sions or elsewhere for any considerable time after the head is turned 
off. If there is a tendency for the water to pond in this manner, 
either the depressions should be leveled up or surface inlets to the 
drain lines be provided, so that the excess may be removed in a short 
time. 

Alfalfa and sugar beets are fairly resistant to the effects of alkali 
salts and shade the ground surface well. Alfalfa is a valuable crop 
anywhere in the irrigated section and sugar beets are being planted 
over a large portion of the West. Sweet clover, while not so valu- 
able a crop, is very useful in reclamation work. All of these crops 
may be used in restoring humus to the soil. Grains do fairly well, 
barley being the most resistant, but they do not offer much shade 
or add greatly to the humus content of the soil when plowed under. 
For best results grain should be planted in the fall so that the plants 
may become sturdy before the salts become concentrated on and near 
the surface the following spring. It has been shown by Thomas H. 
Kearney‘ that the cane sorghums, and to a less degree the grain 
sorghums, are adapted to use on reclaimed lands, 


MAINTENANCE. 


If an underdrainage system be of proper design and construc- 
tion, the matter of maintenance is of small consequence. [If silt has 
accumulated in the tile lines during construction they should be 
cleaned out before the job is accepted. Irregularities due to the set- 
tling of the backfill should be corrected so that irrigation water will 
have no opportunity of making its way directly into a drain line. 
Vegetation that is likely to develop roots in the tile and obstruct the 
drains should be removed from the vicinity of the lines. Silt may 
continue to find its way into the tile lines for some time. This will 
be caught in the sand traps and should be removed from time to time. 

In cases of serious obstruction of the tile by sediment or by the 
growth of roots, the conduit may be cleared with special cleaning 
devices, a number of which have been developed. These are very 
useful during construction in keeping the suspended matter in mo- 


See LL aera tyra nnn ERR 
Kearney, Thomas H. The Choice of Crops for Alkali Lands, U. 8. Dept. of Agri- 


- culture, Farmers’ Bulletin 446, pp. 20-21. 
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tion near the point of laying until sufficient water is developed toe 
carry the material along. After the system is put in operation they 
may be used to clean out such roots as may have penetrated the tile 
line through the joints or to clear the line of obstructions caused by 
sand and silt. One of these devices is in the nature of an auger, 
while another is built like a small hoe. For the removal of roots an 
apparatus involving a spiral cutter is used, or, better still, a sort of 
wire brush. The latter is also useful in removing other obstructions 
and may be made easily by wrapping a piece of leather belting 
around a cylindrical wooden rod, first having driven the belting full 
of nails of such length that the outside diameter of the completed 
brush is somewhat smaller than the inside diameter; of the tile to be 
cleaned. A still simpler device, and one that has proved very satis- 
factory, is a bunch of barbed wire. These devices may be operated 
most conveniently by means of jointed sewer rods. The latter are 
made up in 3 or 4 foot sections, fitted with couplings so arranged 
that they may be joined when two sections are placed at right angles, 


Fic. 20.—Sewer rods and tile-cleaning devices. 


and are locked together when the two sections are in line. Working 
in a manhole 4 feet across, a man can easily put together and operate 
several hundred feet of rod in a tile line. Figure 20 shows a set of 
sewer rods and cleaning devices that have given satisfaction in 
operation. 

The operation of drainage systems should be observed frequently 
by examination of the flow at the outlet and through manholes, 
observation wells, etc., and if any portion becomes inactive it should 
be looked after at once, for it should be remembered that the dam- 
aging alkali salts have not been removed entirely by drainage, and 
that a subsequent rise of the ground-water table certainly will be 
followed by a new accumulation of these harmful substances. 


NECESSITY AND ADVANTAGES OF COOPERATION. 


Frequently it is not feasible for one individual to drain alone, and 
it is almost never economical to do so. The unit cost of drainage 
decreases as the size of the tract increases. This is due partly to 
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the fact that a system installed on a small tract receives water from 









a ee ae a” ee 








Drainage of Irrigated Farms. $1 


‘without the boundaries of the tract and accomplishes more or less 
§ complete drainage over a considerable area. Furthermore, the unit 


cost of all materials and operations is less on the larger projects, and 
the required capacity of drains becomes relatively smaller as the 


“unit becomes larger while the cost per unit of water carried is much 


Jess in the case of large tile than in the small. Economy demands 
thit tracts as large as possible be handled as units, and where the 
land is owned by a number of persons it is necessary that some sort 
of cooperation be effected. Cooperation by mutual agreement usually 
is difficult and sometimes impossible to secure, owing to an unpro- 
gressive spirit among some of the landowners. Cooperation under 
an official organization is much more satisfactory and effective, and 
the legislatures of practically all the Western States have provided 
Jaws under which cooperative work may be done. 

In general, these laws provide for the formation of drainage 
districts and for their government, prescribe their powers and privi- 
leges, and outline the duties of their officers. The direction of the 
business of a drainage district is in the hands of a board of drainage 
supervisors who are appointed by the county commissioners or the 
district court, depending upon which is the recognized authority 
in the matter of formation of drainage districts. Drainage dis- 
tricts may exercise the right of eminent domain and bonds may be 
issued to pay for the construction work. The bonds are retired by 
assessments collected in the same way and as a part of the regular 
taxes against the property, so that the cost of reclamation is borne 
by the returns from the land and is not a direct burden on the land- 
owners. The construction work should be done under the direction of 
a drainage engineer appointed by the board of supervisors. 

The usual procedure is to present a petition to the court or board 
stating that the lands are in need of drainage and that the benefits 
of reclamation will exceed the sum of the damages caused and the 
cost of the work. Hearings are held after due notice has been given, 
and the district is organized as a legal institution. In most States 
the organization of such districts is effected so easily and the opera- 
tion under the law is so simple that it is advisable to make use of 
this method in carrying out the work. 


CONCLUSIONS. 


The drainage of wet and alkaline lands in the irrigated section is 
entirely feasible and may be accomplished economically if properly 
done. Such drainage must be the basis for the reclamation of these 
lands. Tile drainage is recommended for farm practice. Thor- 
ough studies of subsurface conditions must be made before success- 
ful systems can be designed. The present demand for the products 
of the farm makes it imperative that these lands be reclaimed. 
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ANY acres of irrigated land have become water- 
logged. These must be drained before they 
can be brought back into use. 


Much irrigated land contains an excess of alkali 
salts, and underdrainage is the basis of the process 
for their removal. 


Water which percolates deep into the soil follow- 
ing irrigation often raises the water table to the 
height of the plant roots, where it may remain to the 
detriment of plant growth. Underdrainage will re- 
move this useless water. When the salt content is 
sufficiently reduced, water so removed may be used 
again in irrigation. 


Seepage or storm water from adjacent tracts, or 
water released in the soil by spring thaws, may escape 
either through surface drains or through under- 
drains. 


Underdrainage prevents. the heaving of soil by 
frost, and permits its ventilation. It makes possible 
a warmer soil, permits deeper cultivation, and, by 
allowing the plants to develop a deeper and more 
complex rooting system, actually increases the avail- 
able moisture in the soil, instead of decreasing it; by 
the same means it increases the available plant food. 

Methods of draining irrigated farms are described 
in this bulletin. 


Washington, D. C. Issued June, 1917; revised July, 1926 
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NEED FOR DRAINAGE OF IRRIGATED LANDS. 


THE drainage of irrigated lands differs from the drainage of wet 

lands in general in that it is undertaken to protect or reclaira 
from injury lands which have been reclaimed from their naturally 
desert condition at considerable expense and have been productive. 
The drainage of such land means not merely an addition to the pro- 
ductive area but the saving of the original investment in such land 
in the farm of which it is a part and in the water supply for irri- 
gation. 

Practically every valley where irrigation has been carried on for 
any considerable length of time has lands in need of drainage. 
Several classes of land in the irrigated section require artificial drain- 
age in order to be fitted for crop production. 

There are natural swamps, but these constitute a minor portion of 
the area under consideration. They are located chiefly near lakes 
or watercourses and represent surface accumulations of water. They 
usually are given over to tule growths, bulrushes, and willows. 

Other naturally wet areas are those at the foot of mountains, 
benches and steeper slopes, produced by seepage from precipitation 
and from melting snows in the mountains or by springs fed from 
the same sources. 

Of more importance than either of the foregoing, however, are 
the man-made swamps, the products of irrigation. The area of such 


Notr.—This bulletin deals only with tile drainage, and does not go into the con- 
struction, operation, or maintenance of open drains. No attempt is made to discuss the 
More difficult problems of draining irrigated lands for the reason that such problems 
require the services of specially qualified drainage engineers. 3 
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linds constitutes by far the greatest portion of the entire area in 
need of drainage. Lands accustomed to a very limited supply of 
water from natural precipitation have been drenched with water 
and subjected to additional supply by leakage from reservoirs, 
canals, and ditches. Some areas have been converted into veritable 
swamps; others have become waterlogged, so that they are impassa- 
ble by man or beast and unproductive of useful vegetation; and 
still others have passed from a condition of high productivity to 
one fit only for wet pastures (fig. 1). These conditions are readily 
recognizable, and the need for drainage is evident, but the result of 


Fic. 1.—Bog produced by overirrigation. 


overirrigation manifests itself often in an accumulation of alkali 
salts on or near the ground surface, without any apparent wetness 
(fig. 2). Drainage is the only cure for the latter condition. 

Frequently the lands injured by irrigation are not those on which 
the water is applied, but lower-lying lands injured by the seepage 
from the higher land. 

In addition to the foregoing there are natural alkaline areas that 
never have been farmed. The reclamation of these lands must be 
based on underdrainage. 





Drainage of Irrigated Farms. 


f BENEFICIAL RESULTS OF DRAINING IRRIGATED LANDS. 
ea m 
ly of As the fundamental basis of all other benefits drainage removes 
vater excess water from the soil, whether on the surface or contained as 
voirs, free water within the pores of the soil. 


itable 


Fie, 2.—An alkaline barren absolutcly devoid of vegetation, formerly cuitivated but 
ruined by overirrigation. 


kali 
>tness 


Fic. 3.—Former wet pasture, now drained and plowed for cropping. 


In many instances irrigated land contains an. excess of alkali salts 
and underdrainage is the basis of the process for the removal of 
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these harmful salts. All of these salts are soluble in water and the 
soil water usually is charged with them so that in effecting its re. 
moval the salts in solution are removed. Where surface accumulation 
of salt powder or crystals has taken place, it usually is desirable to 
apply water artificially to leach out the salts. 

Precipitation, which plays such an important part in drainage 
problems in humid sections, is of little importance in the irrigated 
section, but there are occasional heavy rains that are capable of doing 
damage by raising the ground-water table at just the wrong time. 

Of far greater importance than precipitation is the water lost by 
deep percolation following irrigation. In undrained soils this often 
brings the water table up around the plant roots where it may remain 








Fic. 4,—Sugar beets growing on formerly alkaline tract reclaimed by drainage. 


for a dangerous length of time. Underdrainage will take care of 
such excess unless unusually wasteful methods are used in irriga- 
tion. 

Water making its way onto a tract by waste or seepage, or storm 
water from an adjacent tract, may be taken care of without injury 
to the tract by underdrainage supplemented by surface drainage, if 
desirable. 

A sudden change of temperature in the spring often supplies a sur- 
plus of water by the melting of snow or of frozen ground. Under- 
drainage takes off such water. 

Underdrainage also prevents the heaving of soil by frost. 

It is manifest that air and water can not occupy the same space at 
the same time and that water, being heavier, will crowd the air out 
of the soil pores. It is well known that for proper plant develop 
ment the presence of air in the soil is as important as a supply of 
moisture. When underdrainage is installed and the excess water | 
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moves downward, the air is admitted into the soil and the proper 
balance between the air arid moisture content is restored. 

When organic matter decays in the absence of air, as in water- 
logged soils, gases and other substances are sometimes formed which 
are injurious to plants. This is avoided by underdrainage, which 
enables the air to enter the soil. 

It takes much more heat to raise the temperature of a given volume 
of water one degree than it does to raise the temperature of the same 
volume’ of air to the same extent. Underdrainage makes possible a 
warmer soil. This result is of importance at all seasons of the year, 
but particularly so in the early spring. Underdrainage induces 
earlier germination and the season is made both earlier and longer. 

Another early spring advantage of underdrainage is that plowing 
may be done much earlier and with greater ease. 

Underdrainage improves the texture of the soil itself by develop- 
ing the drainage pores, producing flocculation, promoting root de- 
velopment, permitting deeper cultivation, etc. 

Underdrainage increases the available depth of soil, which is 
equivalent to increasing the available acreage without adding mate- 
rially to the amount or cost of manipulation. 

Underdrainage provides a control over. irrigation and permits a 
more economical use of water, preventing surface waste when large 
heads are used. 

Underdrainage increases the available moisture in the soil itself 
instead of decreasing it, as is feared by many. This is due to the 
fact that. the plants develop a deeper and more complex rooting sys- 


tem which comes in contact with a greater number of soil particles _ 


and consequently a greater surface of water film area. 

For the same reason underdrainage increases the available quan- 
tity of plant food. 

Deep rooting in the spring also insures against drought. Plants 
growing on drained soil are not so liable to injury due to water short- 
age in the summer. This is of special importance on tracts that have 
no late water, since crops are more likely to be matured before 
the supply is cut off; but failing this, they have an increased under- 
ground supply of moisture due to underdrainage. 

Beneficial bacterial activity is largely suspended in cold, wet soils, 
and such activity is necessary to the manufacture of plant food and 
its conversion into available form. Underdrainage increases the 
zone and intensity of such bacterial activity. 

The water developed by underdrainage is brought to the ground 
surface where it is available for reuse either by the owner or by 
others to whom it may be rented or sold. Drainage water, even from 
tracts that have been salty, may not be injurious if used on drained 
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land, since the salt content is reduced rapidly to a safe percentage, 
but this should be determined before such water is used. 


SUBSURFACE INVESTIGATIONS. 


To determine the various factors of design it is necessary to make 
a careful study of subsurface conditions, often to a depth of many 
Subsurface studies may be made by means of test pits and 













borings. On account of the high cost of test pits, only a few will 
be dug ordinarily, but it is customary to make a large number of 
borings. Test pits may be du with shovels and picks if necessary; 


Fic. 5.—a, Soil auger suitable for making 
test holes. b, Earth auger suitable for 
boring observation wells and relief 
wells. The latter is adjustable and the 
jaws open for discharging the dirt. 


. 
and the sharp wings should be 
shows such an implement. Care 


but usually it is feasible to use 
telephone shovels and spoons and 
make a hole only a foot or so in 
diameter. A. test pit affords a 
much better idea of the subsoil 
than a boring and is especially 
useful in giving an idea of the 
drainage capacity of the soil. For 
determining depth to the water 
table, fluctuations of the latter, 
depth to and the thickness of vari- 
ous substrata, a boring is nearly as 
satisfactory. It is even possible in 
this way to obtain a fair idea of 
the character of the various strata. 
Make borings with an auger con- 
sisting of a 114-inch carpenter’s 
bit welded to a half-inch gas pipe, 
provided with a handle consisting 
of a T and two short pieces of gas 
pipe. The gas-pipe stem should 
be cut in 4-foot lengths so that it 
may be extended as the depth of 
boring increases. The screw tip 
removed from the bit. Figure 5 
must be used to secure the type of 


bit shown, as an ordinary twist bit is not satisfactory. 

In making soil borings only a turn or two should be given at a 
time, the soil being removed and examined by augerfuls. The 
character of the soil may be determined by the way the auger cuts, 
the difficulty in pulling it out, the way the soil holds together when 
being removed from the auger, and by rubbing the soil between the 


fingers or gritting it between the teeth. 
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If it is desired to observe the pehavior of the ground-water table 
over a more or less extended period it will be necessary to install 
observation wells. These may be bored with an earth auger or a 
post-hole auger (fig. 5), and ordinarily must be lined to prevent 
filling. The most suitable casing is made of ordinary galvanized 
downspouting perforated at frequent intervals on several sides with 
a nail, The casing should extend a half foot or more above the 
ground level and should be capped or provided with a plug. A 
round block of wood should be fitted into the lower end to prevent 
mud from rising in the casing. In the case of a gravel subsoil an 
ordinary well point screwed onto a length of iron pipe serves ad- 
mirably. 

A number of such wells should be installed on most irrigated 
farms so that the owners may have immediate notice of coming 
injury and be prepared to combat it before crops are lost and be- 
fore soil conditions become bad, making construction costs much 
higher than they should be. Men have declared frequently that 
the ground water on their farms was not within 20 feet of the sur- 
face when, as a matter of fact, it was within 2 or 3 feet. 

Every irrigated farm should be supplied with a soil auger such 
as that described above, and it should be used intelligently in con- 
nection with irrigation practice. Many farmers in the irrigated 
section consider a soil auger of as great importance as any tool or 
implement they possess. 

The making of subsurface studies for the actual design of a drain- 
age system, however, ordinarily should be left to some one trained 
in drainage work, as there are few projects so small or apparently 
so simple as not to warrant the employment of such a person. Sur- 
veys must be made in order to design an economical and efficient 
system, and it is preferable that the subsurface studies be made at 
the same time so that the surface and subsurface data may be cor- 
related properly. 


REQUIRED DEPTH OF DRAINS. 


One of the first questions asked by the landowner contemplating 
drainage of irrigated lands is “ How deep should the drains be?” 
The matter of depth is one of the most important factors, but a depth 
perfectly satisfactory in one case may render a drainage system 
unsuccessful in another, In general it may be said that drains in the 
arid section must be deeper than those in humid soils. The soils 
themselves usually are deeper and the plant-root systems extend to 
greater depths. But more important than either of these considera- 
tions is the fact that most irrigated soils contain salts that are harm- 
ful to crop development when present in excess on or near the ground 
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surface. These salts may become concentrated on the ground sur- 
face, even though the depth to the water table be several feet. The 
soil moisture rises several feet above the free water table in the soil, 
and this moisture is charged with harmful salts wherever the ground 
water contains such ingredients. The harmfulness depends in a large 
measure upon the concentration of the soil solution, so a given 
amount of salt may become harmful if transpiration or evaporation 
removes a portion of the water and leaves the salts. It is important, 
therefore, to lower the water table enough to prevent the plant roots 
from feeding in salty solutions. The height to which water will rise 
by capillary attraction varies with the kind of soil, being greater in 
the case of fine-grained, compact soils than in loose, coarse-grained 
soils. The height of rise in clay often is twice as great as that in 
sandy loam. If the sand be very fine, however, the height of rise 
may be nearly as great as in clay. Experience throughout the entire 
arid West leads to the conclusion that drains rarely should be placed 
at depths less than 6 feet; that is, the distance to the water surface 
in the drains should not be less than 6 feet. 

The subsoil is almost never homogeneous, however, and any change 
in formation has an important bearing on the required depth of 
drain. This is true whether the change is from a compact to a loose 
formation or vice versa. It is especially true if a stratum of either 
more or less pervious material is found within, say, 10 feet of the 
ground surface. For instance, assume that the tract under considera- 
tion is injured by seepage from higher land; that the first 2 feet of 
soil consist of loam, the next 4 feet of clay, and that under the clay is 
a layer of sand a foot thick, followed by more clay. The depth to 
the top of the sand is, therefore, 6 feet, and if a drain is installed 6 
feet deep it will lie on top of the sand layer. As may be expected, 
the damaging water seeping from the higher land moves through 
this sand layer, therefore the drain fails to intercept it.and the 
drainage system is a failure. Moreover, the sand makes a very un- 
stable foundation for a drain and the tile is likely to get out of 
alignment, off grade, or even to be up-ended and filled with sand. 
Even if none of these things happens, there is great danger of sand 
and silt making their way into the tile and obstructing it. It is quite 
evident that the drains should be laid on the clay underlying the 
pervious stratum or perhaps be bedded slightly into the clay. In 
that case there would be no danger of the tile getting out of position 
and the drain would be very effective. Thus an additional foot in 
depth often makes the difference between success and failure. It is 
necessary to know the existing underground conditions in each case 
before the proper depth can be decided upon. 

Much the same situation would arise if the soil were a sand with 
a hard, impervious layer at 7 feet. Water reaching the tract by 
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seepage from higher land would be likely to move along the im- 


pervious layer, and if a drain be laid at a depth of 6 feet the water 
would continue to pass under it and the tile would be likely to 
become displaced and obstructed. Manifestly the correct practice 
would be to lay the tile on or slightly in the hard, stable stratum. 
Even if the soil be homogeneous the question of depth is of great 
importance. In such a case the effectiveness of the drain increases 
with the depth. A line drawn along the surface of the water table 
from one drain to the next is a curve which rises rapidly away 
from the horizontal near the drains, but is very flat midway be- 
tween drains (fig. 6). If the depth of the drains be increased, the 


‘depth to this curve is in general increased at every point. Thus 










greatly over the whole area, or the same minimum depth may be 
obtained with the drains placed farther apart. It becomes a plain 
therefore, and costs a i a a ta 

must be compared YYy 

carefully to deter- Yy Y 

are cheaper than a / 

greater number of Yy 

comparatively shal- J 

to 10 feet deep, and 

2 be Fic. 6.—Cro ti through soil, showin rofile of 
even more, have been evoke eaten iectate teteaen ame” 
have been more effective, requiring fewer lines, but their cost per unit 
of length is greater and their construction somewhat more difficult. 
special conditions. 

It is not always true, however, that the effectiveness of a drain 
from a sand to a compact, relatively impervious clay at 6 feet, it 
would not be wise to install drains at a depth of 10 feet since they 
effectiveness of the system would be little greater than if the drains 
were installed only 6 or 7 feet deep, and the expense of the extra 


with drains at a given distance apart, the drainage is improved 
economic problem, ,» « 4 aa ae a 
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mine whether a few 
expensive, deep drains Yj Uf 
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It is questionable whether they are more economical except under 
increases with the depth. For example, in a subsoil that changes 
would then be laid in material that yields very little water, and the 
eutting would be wasted. There is even a possibility that the drains 


would be ineffective at such depth. If the subsoil is a joint clay, - 


however, it will be found to drain as readily as sand. 
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Drains having a depth of from 2 to 4 feet, such as are employed 
in humid sections, are practically worthless in the reclamation of 
irrigated lands. 


SPACING AND LOCATION OF DRAINS. 


The landowner contemplating drainage invariably asks the ques- 
tion, “ How far apart should drains be placed in draining irrigated 
lands?” This question, like that as to the proper depth of drains, 
does not admit of a definite answer. The question is more one of 
location than of spacing, and the two factors must. be considered 
together, the latter usually depending largely on the former. 

The damaging water may have several sources of supply and, as 
likely as not, it will be moving laterally through the soil instead of 
percolating downward from surface application. The chief sources 
of supply, aside from direct precipitation and the melting of snow 
on the ground surface of the tract itself, are downward percolation 
of the excessive water used in the irrigation of the tract, surface 
run-off from higher land, supplied as precipitation, melting snow, 
irrigation or seepage brought to the surface; lateral underground 
seepage from the irrigation of higher lands, and losses from ditches, 
canals, and reservoirs; and, in some instances, direct natural seepage 
from the mountains. 

Ordinary drainage methods would serve for the removal of the 
moisture applied directly to the tract itself, from whatever source, 
but this constitutes the smallest part of the problem. In the ma- 
jority of instances it is necessary to intercept lateral seepage from 
higher lands before the damaging water reaches the tract in ques- 
tion. Often a combined system is necessary. 

In the interception of lateral seepage the question of location is 
of highest importance, while the question of spacing is of little or no 
consequence. One properly placed line of drain will be more likely 
to reclaim successfully the injured area than a dozen lines placed 
at random, however closely they may be spaced. It is not unusual to 
find that a single drain will reclaim a 40-acre tract, when it can be 
located so that it will intercept the damaging water along the line of 
its appearance as seepage. For instance, consider a tract of land in- 
jured by seepage from higher land. The seepage appears usually 
along a belt at the change of slope from a steep to a lighter grade. 
If the subsoil be examined, it probably will be found that there is a 
more pervious stratum of material, say sand, at a depth of several 
feet. This stratum of sand acts like a pipe line, leading from the 
source of supply and pouring the damaging water into the lower 
land, since the flatter slope is insufficient to carry the water away 
as rapidly as it reaches the tract. Now, if a drain is located just — 
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below the line of the change of slope, at or near the upper edge of 
the wet area, and is at sufficient depth to cut through the sand layer, 
the flow of water will be intercepted and the water will be carried 
away in the drain without doing damage to the land. (See fig. 7.) 
The conditions must 
be studied thoroughly 
and to a_ sufficient 
depth to make sure Wet area , mee. 
that there is no per- SU IIE: 
9 pte ne 1//7/// Y Y 
ying the drair YYy yyy yf, 
through which water Yyyyyyyyss 


hh fy 


“Nf yy 











Ys ‘ 
LY Y Lhhpheey “fs 
may seep to the lower Mi YY ieee =); 


4 


land. In one such a ee ee YM MM 
stratum exists at a WY MUM 


depth of, say, 10 feet 
or more, it will not 
be feasible ordinarily to reach it with a drain line, but a drain of 
ordinary depth may be installed and relief wells bored in the bottom 
of the trench to the stratum, thus providing passageways through 

which the water may 


WYy rise and reach the 


Fic. 7.—Drain properly laid to carry off seepage. 


ay drain. (See fig. 8.) 
Change of | Slope, = Y Ui Uy After an intercept- 


Wet area yy Y if, 
; YY ing drain is installed 
Yi, wad the seepage from 
outside sources is cut 
off the natural drain- 
age of the tract usu- 
ally is sufficient to take 
care of the water ap- 
plied to the tract itself, 
but if this is found to 


ordinary = 





Ypervious stratum / 


Yj depth 

Yj 
Yj vies seat 
Y Ye be not the case it will 
Lhns*. ea be necessary to install 


drains to remove the 
excess water. The 
question of spacing 
may come in here, 
especially if the tract be rather flat and has a fairly uniform 
surface. If the subsoil be clay, with a sand stratum at a depth of 
several feet, drains 660 to 1,320 feet apart will serve. If no sand 
stratum be present it may be necessary to reduce the spacing to from 





Fie. 8.—Relief well. 
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440 to 660 feet, but if the subsoil be sand the spacing may be greater 
than 1,320 feet, and in the case of gravel subsoil the spacing may 
be a half of a mile or more. Where the subsoil was a coarse gravel 
some very satisfactory systems have been installed with drains every 
half mile, with the depth from 6 to 8 feet. 
If the tract in question be cut up by swales and depressions the in- 
stallation of a regularly spaced system is not advisable. Generally, 
in such a case, the 
drains should be lo- 
cated in the swales, 
(See fig. 9.) The lat- 
ter arrangement has 
some exceptions in 
Ze cases where the sub- 
-s soil underlying the 


” 


CPS WY swales is less pervi- 
Fic. 9.—Cross section through soil, showing method of lying the higher 
eee : ground. Often it is 
necessary to have the drain lines run at the edge of the swales, two 
lines being required for each swale. (See fig. 10.) It has been 
found necessary in some instances to locate the drains on the higher 
land. 
The installation of 
drains below the wet 
area, with the idea of 


Yj ; ST Sung aie » " 
drawing out the water, 7 YY Gi, Vi 
should be attempted Y YY 
only when the subsoil Ll ) Yy YY 
is a coarse gravel, and % oll Fit6 Up Wy ES 
not even then if the = HAS yy tO 
land above the wet 353? es): 


aren has a greater Yj Ly 


As a rule drains in Fic. 10.—Cross section showing application of double 
the irrigated section line of tile. This is made necessary by the absence of 
pervious material underlying the middle of the swale. 


WI 


Wet Area 


run across the natural 
slope rather than down the slope. The reason for this is that with 
the drains running down the slope the damaging water would be 
moving in the same direction that the drains run, and consequently 
very little water would reach the drains, the remainder continuing 
to reach the lower land and doing damage. The only land drained 
would be that in the immediate vicinity of the drain lines. 

The average amount of tile per acre ordinarily employed in farm 


drainage in the irrigated section is about 66 feet. At this rate a 
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_ installed require little or no maintenance. The only way in which 


will require about 8 miles of tile. 
TYPES OF DRAINS. 


There are two general types of drains in use in the irrigated sec- 
tion—the open ditch and the covered drain. Since this discussion 
deals only with the individual farmer’s problem, no consideration will 
be given to the large open canals used for outlets in community or 
district systems. The open ditch, as its name implies, is merely a 
waterway cut into the soil so that it will receive the underdrainage 
from adjacent land. The covered drain consists essentially of an un- 
derground conduit for the collection and transportation of subsur- 
face water. It is superior to the open ditch, except where grades are 
very flat or where the quantities of water to be handled are large. 
The chief reason for using the latter is largely one of economy, and a 
decision as to the type to be used should be made only after all fac- 
tors having a bearing on the subject are considered carefully. 

The open ditch itself takes up considerable space, and the material 
removed in building it usually is of such a quality that it is not wise 
to spread it over the surface of the adjacent land, so additional space 
is lost. Moreover, it is not safe to irrigate land close to such a chan- 
nel, as there is danger of the water breaking into the ditch, with 
consequent injury to it and the land. Even a very small ditch may 
require that a strip of land several rods in width shall be rendered 
useless for agricultural purposes, so that an effective drainage system 
may reduce materially the available acreage of a farm. To keep an 
open ditch open the sides must be made sloping, not steeper than one 
horizontal to one vertical, and to prevent the growth of vegetation 
and the accumulation of mud, etc., in the channel from obstructing 
it the bottom width should be not less than 4 feet, except in gravel 
or stiff clay, where it may be 3 feet, so it becomes necessary to exca- 


vate much more material than in trenching for covered drains. But 


in spite of careful design, construction, antl operation open ditches 
are sure to require a great deal of maintenance and repair, and the 
expense for these often amounts to more in the long run than the 
extra cost of covered drains. 

Open ditches are unsightly and provide harborage for obnoxious 
weeds and breeding places for injurious and disagreeable insects, 
Their presence is a constant source of danger to farm animals. 
They cut up the farm into inconvenient and irregular shapes and 
require the installation of farm bridges and flumes in order to 
facilitate communication between the various parts of the farm 
and for the conveyance of irrigation water and waste water from 
tract to tract. Covered drains, on the other hand, are not subject 
to these objections. They take up no valuable space, and if properly 
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mile of tile will drain about 80 acres of land, or a square mile of land 
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difficulty van occur, in connection with vegetation, is the possibility 
of roots choking the drains, and this can not occur if lines are 


kept away from water-loving trees, and if such plants as the sugar 


beet are not grown directly over the drains. 

In order to decide between types of drains, it is proper to add to 
the estimated cost of open ditches a sum sufficient to pay at current 
interest rates a return large enough to pay the annual maintenance, 
which often is 10 per cent of the first cost, and compare this total 
with the first cost of covered drains. For instance, assuming that 
the first cost of the open ditch would be 50 cents per foot and of 
the covered drain $1.25 per foot, if the maintenance cost is 5 cents 
per foot per year for the open ditch and the interest rate is 5 per 


cent, it will be necessary to add $1 per foot to the actual cost to . 


pay for the maintenance. This makes the cost of the latter $1.50 
per foot, as against $1.25 for the former. When the maintenance 
cost is considered, the covered drain often will be found actually 
cheaper than the open ditch, and in point of desirability the closed 
drain is much preferable. 

The most suitable material for use in a covered drain is clay tile, 
It should be hard burned but not brittle. The 2-foot length is the 
most satisfactory. The tile should be straight and truly cylindrical 
in shape. The walls should be smooth and free from serious cracks 
and blisters. The ends should be free from rough edges and irregu- 
larities. The tile should be uniform in size and thickness for any 
given diameter. The walls should have fairly uniform thickness at 
both ends and at various points of the circumference. They should 
be very impervious and have a low porosity. The material from 
which the tile is made should be free from foreign ingredients, par- 
ticularly cinders and free lime. 

Pole drains, brush drains, mole drains, rock drains, and cobble 
drains are almost useless in irrigated soils and never should be in- 
stalled. Lumber box drains have been used to some extent as a sub- 
stitute for clay tile, but their use is a doubtful economy. 

There is some doubt as to the advisability of using concrete tile 
as ordinarily made for draining lands containing high percentages 
of sulphates. Field investigations of concrete tile failures indicate 
that when the ground water in contact with the tile contains 3,000 
parts per million of sulphates that concrete tile should not be used 
until tests have demonstrated that the particular tile considered will 
withstand the effects of such salts. 


SIZES OF DRAINS. 


The spacing of drains in the irrigated section usually is much 
greater than in humid sections, and frequently a single line of drain 
may effect the reclamation of a considerable acreage. From this it 
will be concluded that larger drains will be required in the drain- — 
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- age of irrigated lands. It has been found that they need not be pro- 
portionately larger, however, since the amount of water which it 
is necessary to take care of is smaller for a given acreage. In the 
arid section there is likely to be a continuous discharge of drainage 
water throughout the year, and frequently the discharge is very 
uniform at all times. However, there are certain maximum flows, 
usually during the period of greatest irrigation application, and it 
is necessary to provide a drainage capacity that will take care of 
such flows. 

If only the required capacity of the drain were considered, it 
would be found feasible to do a great deal of drainage with 4-inch 
and 5-inch tile, but experience has shown that the use of tile smaller 
than 5-inch is not satisfactory, while 5-inch should be used only for 
short branch lines or at the upper ends of branch lines. The follow- 
ing table is offered for purposes of comparing the carrying capacity 
of tile lines of different sizes, on the assumption that all are laid on 
the same grade, which may be any grade. 


Relative carrying capacity of tile of different sizes. 





One— Will carry the flow of— 


6-inch tile._..__.._.| Two 5-inch tiles. 

8-inch tile. __....__| Two 6-inch tiles. 

10-inch tile One 8-inch, one 6-inch, and one 5-inch tile; or four 6-inch tiles. 

12-inch tile. ._._...| One 10-inch and one 8-inch tile; three 8-inch tiles; six 6-inch tiles; or ten 5-inch tiles. 





As a rule, tile larger than 12 inches in diameter is not used in 
individual farm drainage. 

The size of tile required depends on the amount of water to be 
carried and on the slope of the drain. The latter can be decided 
upon when the survey of the land is made and the fall to the outlet 
is measured. The former is not so easy to determine. It depends on 
the location of the tract, the nature of the soil, the slope of the ground 
both on the tract and above it; on the quantity of water used in 
irrigation and on the method of irrigating, both on the tract and on 
higher land; on the rainfall and evaporation; on the seepage from 
reservoirs, canals, and ditches; and on many other factors. Indeed, 
the determination of the required capacity of a drainage system is 
the most difficult problem confronting drainage engineers, and de- 
mands their best efforts. Intricate measurements and calculations 
must be made in each instance. It is therefore impossible to give 
definite instructions in regard to this important matter. It is pos- 
sible, however, to give a general idea of required sizes based on a wide 
experience under a great variety of conditions. The following table 
is intended to apply to fairly uniform land not located at the foot 
of steeper slopes or benches, nor in pockets or depressions, nor in flat 
river bottoms where it will receive surface run-off from higher land, 
nor where it will receive water from deep sources by pressure. The 
assumed slope of the tile is 2 feet per thousand feet. 
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Sizes of tile required to drain given areas having different types of soil and different 
ground slopes. 


Clay with sand stratum Sand. Gravel. 


Slope in feet of fall per 1,000 feet of pipe line. 


Area of traet. | ey baposlin —— Boe 
1 foot | 2feet | 5feet | 1foot | 2feet | 5feet | 1 foot | 2 feet | 5 feet 
} | } 


enencnteagtstnseacashpmenonssinisanesinsisindinpisioanitailll 


Sizes of tile required. 


| | 
Inches. Inches. | Inches. | 
12 10 | 8 ah ae aaeebiene 
8 8 | 6 14 12 
6 6 5 12 10 
6 6 8 8 
5 
5 


6 6 6 
6 6 





If the soil be compact clay, which does not drain readily, a given 
size of tile will drain a larger area than that indicated. If the sub- 
soil be joint clay, the “sand ” table should be used. If the drain be 
located at the foot of a bench or in a gravel pocket, none of the 
above bases will apply. A better basis for design in such cases is 
the length of a given size of tile which it is safe to use. Slopes of 
from 1 to 10 feet per 1,000 feet are assumed, as before. The fol- 
lowing table will give a rough idea: 


Sizes of tile required for drains of different lengths. 


Slopes in feet of fall per 1,000 feet of : 
pipe line. Maximum length. 
pie gents 
2feet | 5 feet 10 feet 


Sizes of tile required. 


Inches. Inches, 


For greater slopes smaller tile is required, and for flatter slopes 
larger tile is necessary, the variation in capacity being as the square 
root of the slope. 

For open ditches the bottom width should be 4 feet and the side 
slopes should be at least 1 to 1. Thus for a depth of 6 feet the top’ 
width would be 16 feet or more, and for a depth of 8 feet the top 
width would be 20 feet or more. 

In the installation of a drainage system it should be borne in mind 
that the improvement is permanent, and that after the tile is once 
covered up it is more expensive to uncover and re-lay it with larger 
tile than to install a new drain, so it is false economy to cut down on 
the size of tile. It is much better to err on the side of too great 
capacity than too small. 
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CONSTRUCTION METHODS. 


In many instances owing to lack of humus the soils of the arid 
region are very fluxible when wet, and the construction of drainage 
systems is very difficult and requires painstaking care and ingenuity. 
Special methods and devices have to be employed, and special ma- 
chinery has been developed. 

Drain lines must be laid out carefully and grade stakes set. The 
ccmpleted drain must be true to grade and as straight as possible. 
For hand trenching it is advisable to stretch a cord on the ground 


along one edge of the 
Formed ois Op aa - 


proposed trench to ob- — oronwood Mau! : : 
tain good alignment. = “on danas ; i ie 
To insure accurate i 

ripe 2%ihe 


grade at all points, 

grade planks should be 

set up at each station 

at a uniform height Grab, hooks 
above the grade of the — gnewing’S Hy 
drain, as shown in the 

illustration on the title 

page. Astout cord 

then may be stretched 

over the middle line of 

the trench from plank 

. to plank and every 

point on this cord will 

be the given height 

above grade. Grade 

may be established at 

one end of each tile 

with a grade pole hav- 

ing % length equal to Fic. 11.—Sheeting and method of installation for drains in 
the distance from the fluxible soils 

cord to the proper 

location for the tile. This may he accomplished by keeping the cord 
taut by suspending a tile or other weight at each end and measuring 
down from the cord at the desired points. 

Construction work always should start at the outlet of each line 
and proceed up the slope, so that the water developed will drain 
away. 

In installing covered drains either hand labor or trenching ma- 
chinery may be used. Frequently on small projects hand trenching is 
cheaper, but usually on larger projects machines can do the work 
more rapidly, economically, and satisfactorily. It is preferable to 
let a contract for the work to an experienced and capable contractor. 
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If hand labor is used it usually is necessary to operate with small 
gangs, ordinarily about a half dozen men to the line, as the trench 
must be opened from the top to the bottom as rapidly as possible 
and the tile laid and blinded before caving takes place. The men 
should work as closely together as practicable and not even the first 
spading should be taken more than a rod in advance of the tile 
laying. Each man should remove a spading, moving backward at 
the same time. The man removing the last spading should also 
grade the bottom. He should not. step on the finished bottom and 
no one should stand near the edge of the trench, nor should wagons 
or material of any sort be permitted near the trench. The soil re- 
moved from the trench should be placed as far back as it conven- 
iently may be. The tile should be laid at once and blinded by means 
of a few inches of earth caved from the edges of the trench. If the 
banks tend to cave off in large chunks or slabs it will be necessary 
to brace them apart with planks separated by stout crosspieces or 
trench jacks. 

A very troublesome condition is that in which the presence of a 
wet, pervious stratum near the bottom of the trench causes a lateral 
and upward movement of the soil in the bottom of the trench. In 
such a case it is necessary to provide a tight cribbing to shut out the 
oozing material. A design for such a cribbing is shown in Figure 11. 
It consists of two heavy timbers, held apart by trench jacks, behind 
which is driven lumber sheeting properly matched and beveled at the 
lower ends to insure a tight fit. The sheeting may be driven by 
means of a heavy maul and may be removed with a three-legged 
derrick and a gpecial grabhook like that shown in the figure. 

If the soil in the bottom of the completed trench is so soft that it 
will not support a man’s weight, gravel should be tramped into it 
to form a foundation or wooden racks or cradles should be laid 
under the tile to keep it in line and on grade. If conditions are 
exceedingly bad it often is advisable to use sewer pipe in place of 
drain tile, as the bells aid in keeping the-line intact. Second quality 
sewer pipe is suitable and generally may be purchased at about the 
same price as drain tile. Under ordinary conditions, however, the 
use of sewer pipe is not recommended, since the cost of freight and 
hauling is higher than for drain tile and it is heavier and more diffi- 
cult to handle. Also in stable ground it is necessary to dig out 
places for the bells, which considerably increases the cost of trench- 
ing. 

Tile should be laid with extreme care. The joints should be as 
close as possible, and if the soil is semifluid and contains much fine 
sand and silt it will be necessary to provide some means of keeping 
the oozing material from entering the tile joints. Almost all the 
water entering tile lines makes its way through the joints, practically 
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none entering through the walls of even the more porous tile, so the 
covering for the joints must provide for the ready passage of water. 
Straw makes a very good filter when new, but it is likely to decom- 
pose and form a sticky, impervious mass over the joints. Brush and 
willows are not satisfactory and render any subsequent removal of 
the tile very difficult. Graded gravel, ranging in size from sand to 
pebbles an inch in diameter, makes an excellent filter, but it is not 
always available. Cinders also are satisfactory. Strips of burlap 
wrapped about the joints give good service temporarily. The custom 
of merely laying strips of building paper over the tops of the joints 
can not be commended, since the greatest tendency is for the sand 
and silt to enter at the bottom of the joint. Wide strips of heavy 
tarred roofing material should be wrapped entirely around the joint, 
cr a wide strip of the material should be unrolled onto the bottom of 
the trench, as the tile is laid, and then strips laid over the joints, 
joining the longitudinal strip, after which the filter material should 
be placed around and over the joint. 

The more pervious materials should be placed adjacent to the tile. 

The backfilling may be done with a plow with three or more horses 
and a long pole evener, or with a scraper, road grader, or go-devil. 
Recently power backfillers have been placed on the market. All the 
soil should be returned to the trench and be banked up over it, so 


that future settling will not leave a depression over the drain. 

In machine trenching it generally is necessary to draw a portable 
shield after the machine in which the tile may be laid and blinded 
before caving takes place. Figure 12 shows such a shield in use in 
trenching in unstable soil. There are several types of suitable trench- 
ing machines, but as machine work usually is let by contract, the 
choice of type must be left to the contractor. 


DEVICES. 


Bulkheads and outfalls—The outlet of a drainage system should 
come in for more consideration and attention than usually is given 
to it. If the tile line discharges into a deep ravine or river channel 
at some distance above the water level an outfall should be provided. 
This may consist of a corrugated iron pipe extending far enough 
out over the bank to discharge the drainage water directly into the 
stream without striking the bank and causing erosion. The other 
end should be anchored by means of a concrete wall and a careful 
connection with the tile line must be made so that water will not 
find its way along the outside of the conduit. The iast few joints 
between tile should be cemented. 

If the drain discharges at or near the water level or bottom of a 
channel, a concrete, brick, or timber bulkhead should be constructed 
to prevent injury from frost and from the caving of the banks, and 
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to prevent the washing out of the tile line at the lower end. Care 
should be taken that it has a good foundation, in order that it may 
not be undermined. Figure 13 shows a cheap and easily built con- 
crete bulkhead. A net work of heavy wires or small rods of copper 
or galvanized iron should be placed across the outlet to keep out 
small animals. A length of corrugated-iron pipe makes a very satis- 
factory outlet for a tile drain. 

Manholes—If the soil contains much fine sand a combination 
manhole and sand trap about 4 feet across should be located on large 
main lines at sharp changes in direction, as well as at every change 
from a steep to a lighter grade, Such a device serves as an observa- 
tion well in which the flow may be seen and the general conditions 


Fig. 12.—Tile trenching machine with shield to prevent caving in unstable soil. 


of the system watched. It also serves as a settling basin for any 
sand or silt that may be carried by the drain, and if the trap be 
made to extend a foot or two below the drain, a chamber is formed 
in which a considerable umount of sediment is held until it can be 
removed. The manhole may be provided also with a surface inlet 
to make it possible for the drain to take care of surface water and, 
if desired, to provide for flushing the drain. As a manhole proper 
it provides a means for the operation of a root-cutting or drain- 
cleaning device operated by sewer rods. If it is expected that such 
work will be necessary, the drains should be laid out in straight lines” 
with grades as uniform as possible, and a manhole should be provided 
at each junction, change in slope from steep to a lighter grade, and 
on straight sections at intervals of not to exceed 500 feet. 
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The most suitable manhole is built of corrugated-iron pipe, as 


shown in Figure 14, but lumber is often used. 


92-inch material should be used. 
Figure 15 shows a simple type 
of manhole, constructed of 
lumber and so designed that 
the earth pressure will main- 
tain it in spite of the failure 
of the nails. In most places 
the manhole should be pro- 
vided with a bottom and it 
always should be fitted with 
a cover that can be locked 
down. 

Observation wells.—If little 
sand be present, rendering 
sand traps unnecessary, it 
still is desirable to pro- 


When built of lumber, 


Fic. 13.—Concrete bulkhead for use at outlet 


of tile drain. 


vide for observation of the flow at points throughout the system. 


a 


e 


Fig, 14.—Manhole constructed of corrugated-iron pipe. 


Nothing serves this pur- 
pose better than a verti- 
cal stack of large-sized 
second-grade sewer pipe, 
extending from a little 
above the surface of the 
ground to a foot or more 
below the tile line, and 
having holes cut in the 
lower length to accommo- 
date the drain. Such a 
device is shown in Figure 
16. As may be seen, a 
small settling space is 
provided, from which sed- 
iment may be removed 
with a telephone spoon. 
A cover always should be 
provided and the joints 
should be cemented. This 
device costs little and oc- 
cupies small space. If de- 
sired, the top section may 


be removed subsequently, a cap provided for the second section, 
and cultivation be carried on directly over the top. Such a device 
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also may be installed for inspection purposes between regular 
manholes. 

Angle boxes.—A change in direction of line on laterals located in 
firm soils should usually be made gradually by a smooth curve, 
Where the soil is unstable, angle boxes should be used. They should 
also be used on large main lines where the change in direction is not 


sufficient to warrant the construction of a eighitn. Angle boxes 
are ccneciiled simi- 


lar to that shown in 
Figure 16. Corru- 
gated-iron pipe with 
a suitable cover may 
also be used for this 
purpose. 

Surface inlets and 
flushing wells.—aA 
vertical stack of pipe 
is useful also as a sur- 
face inlet or flushing 
well. Figure 17 
shows how it should 
be installed. The bot- 
tom should be paved 
with coarse gravel 
and the top provided 
with an iron grating 
and a mound of gravel 
or crushed stone. The 
backfill should be well 
compacted around the 
stack. Such an inlet 
should be installed 
F1G, 15.—Combination manhole and sand trap with cover that wherever a drain 

does not depend upon nails to hold it together. f 

crosses a depression or 
flat, so that the waste water or storm water may not pond long enough 
to puddle.the soil or “burn” the crop. During irrigation the entrance 
of water may be prevented by throwing up a circular ridge of earth 
around the mound. One of these devices also should be used at the 
upper end of each branch line. The first few lengths of tile in the 
drain should be a size larger than the tile designed for the drain, so 
the water will not be retarded in its progress into the drain. 
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Flumes.—Flumes should be provided for all canals and ditches 
that cross above underdrains, and care should be taken to prevent 
large quantities of water from flowing across drains, particularly 

- during the first few seasons after the installation of the system. 

Relief wells.—The source of damaging water often is in some deep, 
pervious stratum, and the movement is upward. The stratum is con- 
nected with a higher-lying source Siee! Chain orion Bond wits Rings 
of supply, and the water is under tor, Srersegocooyy ona /ualeck 
pressure. Ordinary methods of iron Corer Eon 
drainage avail little since the dam- ys 
aging water rises between drains 
however closely they may be 
spaced, and it is not unusual to 
find water standing on the ground 
surface within 10 feet of a drain 
6 feet or more in depth. The 
source of the water may be in 
gravel, sand, stratified shale, sand 
rock, or lava. A pressure condi- 
tion has been found even where the 
only change in subsoil conditions 
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To meet the condition it is nec- 
essary to install relief wells con- 
necting the pervious stratum with 
a tile drain laid at ordinary depth. 
‘The pressure causes the water to 
rise through the relief wells which 
act as vestiosl drains. The sole purpose of the ordinary drain is 
to carry off the water brought up by the relief well, and it accom- 

aati’. plishes little or no direct 

, 7 drainage. Figure 18 
shows a relief well in the 
bottom of a trench. The 
tile had not been installed 
when the view was taken. 
With the pressure relieved 
at the drain level the 
damaging water no longer 
can make its way to the 
ground surface within the 
area affected by the well or system of wells. It is necessary in each 
case to determine the required number and spacing of the wells and 
the best indication is the effect- of one well upon another. 
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Fic. 16.—Observation well and sand trap 
constructed of pipe. 


Fic. 17.—Surface inlet and flushing well built up 
of large tile and sewer pipe. 
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An earth auger may be used for. the installation of relief wells 
in ordinary soil, but in shale or rock it is necessary to use a well- 
drilling outfit. Often it is necessary to drill to a depth of from 
20 to 50 feet. Usually relief wells must be cased. A vertical stack 
of tile or an iron pipe may be used for this purpose. Wooden 
tubes also have been employed. The casings should be a little off 
the line of the drain, to which they should be connected carefully 

so there will be no danger 
that they will silt up in 
periods of inactivity. 


COSTS. 


Owing to the great va- 
riety of conditions met in 
the drainage of irrigated 
lands, the cost of such 
work varies over a wide 
range. Chief among the 
many factors influencing 
cost are the size of the 
tract to be reclaimed, its 
relation to surrounding 
tracts, the degree of wet- 
ness, nature of the soil, 
type of drain installed, op- 
portunity of obtaining an 
outlet, availability of ma- 
terials, distance from fac- 

: tories and from railway 
a — connections, quality and 
Fig. 18.—Relief well in bottom of drain trench. ok et labor, feasibility of 
using machinery, season in which the work is done, knowledge of 
the man in charge, and method of handling the construction work. 
Experience in practically all the Western States, under many dif- 
ferent conditions, shows that the cost of draining ordinary-sized 
farms having an average soil that is neither so hard as to require 
picking nor so soft that serious caving of the banks of trenches will 
take place, ranges from $15 to $45 per acre, with the average $30 
per acre. If hardpan, rock, or shale be present, or if the soil be flux- 
ible, the cost may run up to $50 per acre, or even more if much tight 
sheeting of the trenches is necessary. In a few special cases drainage 
of small tracts in the midst of unreclaimed lands has cost between 
$75 and $100 per acre, but these costs represent situations that would 
not be encountered in regular operations. 
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In regard to costs per unit of length of drain it may be said that 
clay tile at the factory ranges in cost from about 2 cents per inch of 
inside diameter per foot of length for the smaller sizes up to about 
24 cents in the larger sizes. Hand trenching for tile up to 12 inches 
in diameter, under ordinary conditions, ranges in cost from 15 to 25 
cents per linear foot for an average depth of 6 feet, with the cost 
increasing about 50 per cent for each additional foot, while trenching 
in hard or fluxible material will run up to more than 25 cents per foot 
for 6-foot trenching. Rock work would of course be much higher. 
When tight sheeting is required the work will cost 50 cents or more 
per linear foot. Machine trenching usually is cheaper than hand 
trenching. 

ALKALI RECLAMATION. 


The reclamation of some alkali soils is readily accomplished by 
drainage and leaching. Other soils, because of their physical proper- 
ties and the chemical nature of the alkali salts present, are reclaimed 
with difficulty and at considerable expence in time and money. In 
the soils readily reclaimable it is only necessary, usually, that the 
salt content be reduced to the limits of plant tolerance. In the more 
stubborn soils the physical condition of the coil must also be im- 
proved and its organic content increased. 

If expedition be desired in the removal of salts, or if natural 
precipitation and irrigation are insufficient to effect a satisfactory 
reduction in the percentage, a good-sized stream of irrigation water 
should be turned on the land end allowed to percolate ‘through the 
soil as rapidly as possible. This is best accomplished by dy king the 
land into checks and ponding the water as deeply as feasible, “each 
check having as large an area as the slope of the ground and the 
amount of available water will permit. In no case should an attempt 
be made to flush the salts from the surface. They must be leached 
out and-carried downward in solution to the underground reservoir. 
The desirability of using large checks and liberal quantities of water 
is due to the fact that capillary attraction is equally effective in all 
directions, and it is necessary to offset the tendency of the salts to 
move laterally in the soil and reappear on a higher or dryer portion 
of the tract. For this reason it is required to make sure, in flooding, 
that all the surface is covered, even if knolls and ridges must be 
leveled first. It is advisable generally to cultivate a field thoroughly 
before the leaching process, but in some cases it has been found to 
be more satisfactory to flood first and then cultivate as soon after- 
ward as possible. If the subsoil be so impervious that the leaching 
water does not percolate readily, it may be necessary to resort to 
subsoiling or blasting. 
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The following actual example of reclamation is offered to demon- 
strate the principles that have been stated: 

Before drainage the ground water on a certain tract stood within 
2 feet of the surface, which was covered with a white crust of alkali 
salts. Nothing of value grew on the tract, the only vegetation being 
an occasional salt weed. The average salt content for the first 4 
feet of depth was 2.25 per cent of the soil. A drainage system was 
installed and in a month’s time the excess water in the soil had run 
out, so that the ground water table was practically down to the level 
of the drains. This excess water contained a great deal of salt in 
solution, so that analyses made at the end of the month showed that 
the average salt content for the 4 feet had been reduced to approxi- 
mately 1 per cent. The ground surface was cultivated and irrigated 
with a limited supply of water and some crops were planted, but 
gave only fair results. Meanwhile the higher temperature of sum- 
mer had increased the evaporation and it was found that the average 
salt content for the 4 feet increased to 1.28 per cent in spite of the 



































1915S 925% before drainage. drainage. Anear-by uncul- 
APRIL = ect oF Sek tivated and unirrigated spot 
MAY Comes AL ming og Bf which had been affected to 
JULY poe y ee irrigation some extent by the drain- 
at Sprinkling in summer : 
OCTOBERRSA? “Zvrect of copicis Flooding. 28e System showed an aver- 






age salt content for the first 





Fic. 19.—Diagram showing typical reclamation of f 
alkali lands. Quantities are percentages of total 4 feet of 1.51 per cent. It 


ee was evident that drainage 
alone would never reclaim the tract, so a heavy flooding was given 
it with the result that the average salt content for the first 4 feet 
was reduced to 0.43 per cent, which is less than one-fifth of the 
original content. At this time the near-by uncultivated spot showed 
an average salt content for the first 4 feet of 1.73 per cent, an 
increase which was due to the flooding of adjacent land while the 
spot itself remained dry. Further irrigation and flooding of the 
drained tract, together with the beneficial effects of precipitation, 
reduced the salt content of the soil to 0.20 per cent. The results of 
this experiment are shown graphically in Figure 19. 

Land should be cropped as soon as possible after reclamation; 
some crop which will shade the ground is preferable. If possible, 
the plants should be more or less alkali resistant. It must be kept 
in mind that the harmful salts are brought to the surface of the 
ground in solution by the capillary action of the soil and that they 
are deposited upon the surface when the solution is evaporated; 
hence the advisability of planting shading crops which reduce the 
evaporation. Artificial or soil mulches accomplish the same thing, 
and if shading crops are not planted the soil should be kept well 
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stirred. Subsoiling, in‘ addition to assisting the leaching water to 
percolate to the drains, retards the upward movement of salt-laden 
water. 

Copious amounts of water should be used in irrigation and the 
water should be spread at once over as large areas as possible, mak- 
ing sure that the ground is covered as uniformly as may be. Waste 
water should not be allowed to run off the tract, as it is only the 
water that percolates downward that removes an appreciable amount 
of salt. However, water should not be allowed to pond in depres- 
sions or elsewhere for any considerable time after the head is turned 
off. If there is a tendency for the water to pond in this manner, 
either the depressions should be leveled up or surface inlets to the 
drain lines be provided, so that the excess may be removed in a short 
time. 

Alfalfa and sugar beets are fairly resistant to the effects of alkali 
salts and shade the ground surface well. Alfalfa is a valuable crop 
anywhere in the irrigated section and sugar beets are being planted 
over a large portion of the West. Sweet clover, while not so valu- 
able a crop, is very useful in reclamation work. All of these crops 
may be used in restoring humus to the soil. Grains do fairly well, 
barley being the most resistant, but they do not offer much shade 
or add greatly to the humus content of the soil when plowed under. 
For best results grain should be planted in the fall so that the plants 
may become sturdy before the salts become concentrated on and near 
the surface the following spring. It has been shown by Thomas H. 
Kearney * that the cane sorghums, and to a less degree the grain 
sorghums, are adapted to use on reclaimed lands, 


MAINTENANCE. 


If an underdrainage system be of proper design and construc- 
tion, the matter of maintenance is of small consequence. If silt has 
accumulated in the tile lines during construction they should be 
cleaned out before the job is accepted. Irregularities due to the set- 
tling of the backfill should be corrected so that irrigation water will 
have no opportunity of making its way directly into a drain line. 
Vegetation that is likely to develop roots in the tile and obstruct the 
drains should be removed from the vicinity of the lines. Silt may 
continue to find its way into the tile lines for some time. This will 
be caught in the sand traps and should be removed from time to time. 

In cases of serious obstruction of the tile by sediment or by the 
growth of roots, the conduit may be cleared with special cleaning 
devices, a number of which have been developed. These are very 
useful during construction in keeping the suspended matter in mo- 


1 Kearney, Thomas H. The Choice of Crops for Alkali Lands. U. 8S. Dept. of Agri- 
culture, Farmers’ Bulletin 446, pp. 20-21. 
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tion near the point of laying until sufficient water is developed to 
carry the material along. After the system is put in operation they 
may be used to clean out such roots as may have penetrated the tile 
line through the joints or to clear the line of obstructions caused by 
sand and silt. One of these devices is in the nature of an auger, 
while another is built like a small hoe. For the removal of roots an 
apparatus involving a spiral cutter is used, or, better still, a sort of 
wire brush. The latter is also useful in removing other obstructions 
and may be made easily by wrapping a piece of leather belting 
around a cylindrical wooden rod, first having driven the belting full 
of nails of such length that the outside diameter of the completed 
brush is somewhat smaller than the inside diameter of the tile to be 
cleaned. A still simpler device, and one that has proved very satis- 
factory, is a bunch of barbed wire. These devices may be operated 
most conveniently by means of jointed sewer rods. The latter are 
made up in 8 or 4 foot sections, fitted with.couplings so arranged 
that they may be joined when two sections are placed at right angles, 


Fic. 20.—Sewer rods and tile-cleaning devices. 


and are locked together when the two sections are in line. Working 
in a manhole 4 feet across, a man can easily put together and operate 
several hundred feet of rod in a tile line. Figure 20 shows a set of 
sewer rods and cleaning devices that have given satisfaction in 
operation. 1 

The operation of drainage systems should be observed frequently 
by examination of the flow at the outlet and through manholes, 
observation wells, etc., and if any portion becomes inactive it should ’ 
be looked after at once, for it should be remembered that the dam- 
aging alkali salts have not been removed entirely by drainage, and 
that a subsequent rise of the ground-water table certainly will be 
followed by a new accumulation of these harmful substances. 






NECESSITY AND ADVANTAGES OF COOPERATION. 





Frequently it is not feasible for one individual to drain alone, and 
it is almost never economical to do so. The unit cost of drainage 
decreases as the size of the tract increases.. This is due partly to 
the fact that a system installed on a small tract receives water from 
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without the boundaries of the tract and accomplishes more or less 
complete drainage over a considerable area. Furthermore, the unit 
cost of all materials and operations is less on the larger projects, and 
the required capacity of drains becomes relatively smaller as the 
unit becomes larger while the cost per unit of water carried is much 
Jess in the case of large tile than in the small. Economy demands 
that tracts as large as possible be handled as units, and where the 
land is owned by a number of persons it is necessary that some sort 
of cooperation be effected. Coop:ration by mutual agreement usually 
is difficult and sometimes impossible to secure, owing to an unpro- 
gressive spirit among some of the landowners. Cooperation under 
an official organization is much more satisfactory and effective, and 
the legislatures of practically all the Westcrn States have provided 
Jaws under which cooperative work may be done. 

In general, these laws provide for the formation of drainage 
districts and for their government, prescribe their powers and privi- 
leges, and outline the duties of their officers. The direction of the 
business of a drainage district is in the hands of a board of drainage 
supervisors who are appointed by the county commissioners or the 
district court, depending upon which is the recognized authority 
in the matter of formation of drainage districts. Drainage dis- 
tricts may exercise the right of eminent domain and bonds may be 
issued to pay for the construction work. Th> bonds are retired by 
assessments collected in the same way and as a part of the regular 
taxes against the property, so that the cost of reclamation is borne 
by the returns from the Jand and is not a direct burden on the land- 
owners. The construction work should be done under the direction of 
a drainage engineer appointed by the board of supervisors. 

The usual procedure is to present a petition to the court or board 
stating that the lands are in need of drainage and that the benefits 
of reclamation will exceed the sum of the damages caused and the 
cost of the work. Hearings are held after due notice has been given, 
and the district is organized as a legal institution. In most States 
the organization of such districts is effected so easily and the opera- 
tion under the law is so simple that it is advisable to make use of 
this method in carrying out the work. 


CONCLUSIONS. 


The drainage of wet and alkaline lands in the irrigated section is 
entirely feasible and may be accomplished economically if properly 
done. Such drainage must be the basis for the reclamation of these 
lands. Tile drainage is recommended for farm practice. Thor- 
‘ough studies of subsurface conditions must be made before success- 
ful systems can be designed. The present demand for the products 
of the farm makes it imperative that these lands be reclaimed. 
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ATERLOGGING of irrigated land and the 
accumulation of alkali may be prevented by 
drainage. 


Land that has become waterlogged must be 
drained before it can be brought back into use. 
Drainage is also the basis of the process for the 
removal of alkali salts. 


Water which percolates deep into the soil follow- 
ing irrigation often raises the water table to the 
height of the plant roots, where it may remain to the 
detriment of plant growth. Underdrainage will 
remove this useless water. When the salt content is 
sufficiently reduced, water so removed may be used 
again in irrigation. 


Seepage or storm water from adjacent tracts, or 
water released in the soil by spring thaws, may 
escape either through surface drains or through 
underdrains. 


Underdrainage prevents the heaving of soil by 
frost, and permits its ventilation. It makes possible 
a warmer soil, permits deeper cultivation, and, by 
allowing the plants to develop a deeper and more 
complex rooting system, actually increases the avail- 
able moisture in the soil, instead of decreasing it; by 
the same means it increases the available plant food. 


Issued June 1917 
Washington, D. C. Revised July 1926 
Slightly revised December 1937 





DRAINAGE OF IRRIGATED FARMS. 


By R. A. Hart, formerly senior drainage engineer,» Bureau of Agricultural 
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NEED FOR DRAINAGE OF IRRIGATED LANDS. 


HE drainage of irrigated lands differs from the drainage of wet 
lands in general in that it is undertaken to protect or reclaira 
from injury lands which have been reclaimed from their naturally 
desert condition at considerable expense and have been productive. 
The drainage of such land means not merely an addition to the pro- 
ductive area but the saving of the original investment in such land 
in the farm of which it is a part and in the water supply for irri- 
gation. 

Practically every valley where irrigation has been carried on for 
any considerable length of time has lands in need of drainage. 
Several classes of land in the irrigated section require artificial drain- 
age in order to be fitted for crop production. 

There are natural swamps, but these constitute a minor portion of 
the area under consideration. They are located chiefly near lakes 
or watercourses and represent surface accumulations of water. They 
usually are given over to tule growths, bulrushes, and willows. 

Other naturally wet areas are those at the foot of mountains, 
benches and steeper slopes, produced by seepage from precipitation 
and from melting snows in the mountains or by springs fed from 
the same sources. 

Of more importance than either of the foregoing, however, are 
the man-made swamps, the products of irrigation. The area of such 


1This bulletin was originally prepared while the author was in the Division of Agri- 
cultural Engineering of the Bureau of Public Roads, now the Bureau of Agricultural 
Engineering. 

NoteE.—This bulletin deals only with tile drainage, aud does not go into the con- 
struction, operation, or maintenance of open drains. No attempt is made to discuss the 
more difficult problems of draining irrigated lands for the reason that such problems 
require the services of specially qualified drainage engineers. 
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lunds constitutes by far the greatest portion of the entire area in 
need of drainage. Lands accustomed to a very limited supply of 
water from natural precipitation have been drenched with water 
and subjected to additional supply by leakage from reservoirs, 
canals, and ditches. Some areas have been converted into veritable 
swamps; others have become waterlogged, so that they are impassa- 
ble by man or beast and unproductive of useful vegetation; and 
still others have passed from a condition of high productivity to 
one fit only for wet pastures (fig. 1). These conditions are readily 
recognizable, and the need for drainage is evident, but the result of 


Fic. 1.—Bog produced by overirrigation. 


overirrigation manifests itself often in an accumulation of alkali 
salts on or near the ground surface, without any apparent wetness 
(fig. 2). Drainage is the only cure for the latter condition. 

Frequently the lands injured by irrigation are not those on which 
the water is applied, but lower-lying lands injured by the seepage 
from the higher land. 

In addition to the foregoing there are natural alkaline areas that 
never have been farmed. If the reclamation of these lands is feasible 
it must be based on drainage. 
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ea in BENEFICIAL RESULTS OF DRAINING IRRIGATED LANDS. 
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As the fundamental basis of all other benefits drainage removes 
excess water from the soil, whether on the surface or contained as 
free water within the pores of the soil. 





. 2.—An alkaline barren absolutely devoid of vegetation, formerly cultivated but 
ruined by overirrigation, 
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Fig. 3.—Former wet pasture, now drained and plowed for cropping. 


In many instances irrigated land contains an excess of alkali salts 
and underdrainage is the basis of the process for the removal of 
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these harmful salts. All of these salts are soluble in water and the 
soil water usually is charged with them so that in effecting its re. 
moval the salts in solution are removed. Where surface accumulation 
of salt powder or crystals has taken place, it usually is desirable to 
apply water artificially to leach out the salts. 

Precipitation, which plays such an important part in drainage 
problems in humid sections, is of little importance in the irrigated 
section, but there are occasional heavy rains that are capable of doing 
damage by raising the ground-water table at just the wrong time. 

Of far greater importance than precipitation is the water lost by 
deep percolation following irrigation. In undrained soils this often 
brings the water table up around the plant roots where it may remain 


Fic. 4.—Sugar beets growing on formerly alkaline tract reclaimed by drainage. 


for a dangerous length of time. Drainage will remove the excess 
water and prevent waterlogging. 

Water making its way onto a tract by waste or seepage, or storm 
water from an adjacent tract, may be taken care of without injury 
to the tract by underdrainage supplemented by surface drainage, if 
desirable. © 

A sudden change of temperature in the spring often supplies a sur- 
plus of water by the melting of snow or of frozen ground. Under- 
drainage takes off such water. 

Underdrainage also prevents the heaving of soil by frost. 

It is manifest that air and water can not occupy the same space at 
the same time and that water, being heavier, will crowd the air out 
of the soil pores. It is well known that for proper plant develop- 
ment the presence of air in the soil is as important as a supply of 
moisture. When underdrainage is installed and the excess water 
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moves downward, the air is admitted into the soil and the proper 
balance between the air and moisture content is restored. 

When organic matter decays in the absence of air, as in water- 
logged soils, gases and other substances are sometimes formed which 
are injurious to plants. This is avoided by underdrainage, which 
enables the air to enter the soil. 

It takes much more heat to raise the temperature of a given volume 
of water one degree than it does to raise the temperature of the same 
volume of air to the same extent. Underdrainage makes possible a 
warmer soil. This result is of importance at all seasons of the year, 
but particularly so in the early spring. Underdrainage induces 
earlier germination and the season is made both earlier and longer. 

Another early spring advantage of underdrainage is that plowing 
may be done much earlier and with greater ease. 

Underdrainage improves the texture of the soil itself by develop- 
ing the drainage pores, producing flocculation, promoting root de- 
velopment, permitting deeper cultivation, etc. 

Underdrainage provides a control over irrigation and permits a 
more economical use of water, preventing surface waste when large 
heads are used. 

Underdrainage increases the available moisture in the soil itself 
instead of decreasing it, as is feared by many. This is due to the 
fact that. the plants develop a deeper and more complex rooting sys- 
tem which comes in contact with a greater number of soil particles 
and consequently a greater surface of water film area. 

For the same reason underdrainage increases the available quan- 
tity of plant food. 

Deep rooting in the spring also insures against drought. Plants 
growing on drained soil are not so liable to injury due to water short- 
age in the summer. This is of special importance on tracts that have 
no late water, since crops are more likely to be matured before 
the supply is cut off; but failing this, they have an increased under- 
ground supply of moisture due to underdrainage. 

Beneficial bacterial activity is largely suspended in cold, wet soils, 
and such activity is necessary to the manufacture of plant food and 
its conversion into available form. Underdrainage increases the 
zone and intensity of such bacterial activity. 

The water developed by underdrainage is brought to the ground 
surface where it is available for reuse either by the owner or by 
others to whom it may be rented or sold. Drainage water, even from 
tracts that have been salty, may not be injurious if used on drained 
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land, since the salt content is reduced rapidly to a safe percentage, 
but this should be determined before such water is used. 


SUBSURFACE INVESTIGATIONS. 


To determine the various factors of design it is necessary to make 
a careful study of subsurface conditions, often to a depth of many 
feet. Subsurface studies may be made by means of test pits and 
borings. On account of the high cost of test pits, only a few will 
be dug ordinarily, but it is customary to make a large number of 
borings. Test pits may be dug with shovels and picks if necessary; 

but usually it is feasible to use 

telephone shovels and spoons and 

make a hole only a foot or so in 

diameter. <A test pit affords a 

much better idea of the subsoil 

than a boring and is especially 

useful in giving an idea of the 

drainage capacity of the soil. For 

determining depth to the water 

table, fluctuations of the latter, 

depth to and the thickness of vari- 

ous substrata, a boring is nearly as 

satisfactory. It is even possible in 

this way to obtain a fair idea of 

the character of the various strata, 

Make borings with an auger con- 

sisting of a 11-inch carpenter's 

bit welded to a half-inch gas pipe, 

provided with a handle consisting 

of a T and two short pieces of gas 

Fic. 5.—a, Soil auger suitable for making pipe. The gas-pipe stem should 

test holes. 0b, Earth auger suitable for . . : 

boring observation wells and relief be cut in 4-foot lengths so that it 

wells. The latter is adjustable and the yay be extended as the depth of 

jaws open for discharging the dirt. é ; i ; 

boring increases. The screw tip 

and the sharp wings should be removed from the bit. Figure 5 

shows such an implement. Care must be used to secure the type of 
bit shown, as an ordinary twist bit is not satisfactory. 

In making soil borings only a turn or two should be given at 
time, the soil being removed and examined by augerfuls. The 
character of the soil may be determined by the way the auger cuts, 
the difficulty in pulling it out, the way the soil holds together when 
being removed from the auger, and by rubbing the soil between the 
fingers or gritting it between the teeth. 
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If it is desired to observe the pehavior of the ground-water table 
over a more or less extended period it will be necessary to install 
observation wells. These may be bored with an earth auger or a 
post-hole auger (fig. 5), and ordinarily must be lined to prevent 
filling. The most suitable casing is made of ordinary galvanized 
downspouting perforated at frequent intervals on several sides with 
a nail. The casing should extend a half foot or more above the 
ground level and should be capped or provided with a plug. A 
round block of wood should be fitted into the lower end to prevent 
mud from rising in the casing. In the case of a gravel subsoil an 
ordinary well point screwed onto a length of iron pipe serves ad- 
mirably. 

A number of such wells should be installed on most irrigated 
farms so that the owners may have immediate notice of coming 
injury and be prepared to combat it before crops are lost and be- 
fore soil conditions become bad, making construction costs much 
higher than they should be. Men have declared frequently that 
the ground water on their farms was not within 20 feet of the sur- 
face when, as a matter of fact, it was within 2 or 3 feet. 

Every irrigated farm should be supplied with a soil auger such 
as that described above, and it should be used intelligently in con- 
nection with irrigation practice. Many farmers in the irrigated 
section consider a soil auger of as great importance as any tool or 
implement they possess. 

The making of subsurface studies for the actual design of a drain- 
age system, however, ordinarily should be left to some one trained 
in drainage work, as there are few projects so small or apparently 
so simple as not to warrant the employment of such a person. Sur- 
veys must be made in order to design an economical and efficient 
system, and it is preferable that the subsurface studies be made at 
the same time so that the surface and subsurface data may be cor- 
related properly. 


REQUIRED DEPTH OF DRAINS. 


One of the first questions asked by the landowner contemplating 
drainage of irrigated lands is “ How deep should the drains be?” 
The matter of depth is one of the most important factors, but a depth 
perfectly satisfactory in one case may render a drainage system 
unsuccessful in another. In general it may be said that drains in the 
arid section must be deeper than those in humid soils. The soils 
themselves usually are deeper and the plant-root systems extend to 
greater depths. But more important than either of these considera- 
tions is the fact that most irrigated soils contain salts that are harm- 
ful to crop development when present in excess on or near the ground 
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surface. These salts may become concentrated on the ground sur. 
face, even though the depth to the water table be several feet. The 
soil moisture rises several feet above the free water table in the soil, 
and this moisture is charged with harmful salts wherever the ground 
water contains such ingredients. The harmfulness depends in a large 
measure upon the concentration of the soil solution, so a given 
amount of salt may become harmful if transpiration or evaporation 
removes a portion of the water and leaves the salts. It is important, 
therefore, to lower the water table enough to prevent the plant roots 
from feeding in salty solutions. The height to which water will rise 
by capillary attraction varies with the kind of soil, being greater in 
the case of fine-grained, compact soils than in loose, coarse-grained 
soils. The height of rise in clay often is twice as great as that in 
sandy loam. If the sand be very fine, however, the height of rise 
may be nearly as great as in clay. Experience throughout the entire 
arid West leads to the conclusion that drains rarely should be placed 
at depths less than 6 feet; that is, the distance to the water surface 
in the drains should not be less than 6 feet. 

The subsoil is almost never homogeneous, however, and any change 
in formation has an important bearing on the required depth of 
drain. This is true whether the change is from a compact to a loose 
formation or vice versa. It is especially true if a stratum of either 
more or less pervious material is found within, say, 10 feet of the 
ground surface. For instance, assume that the tract under considera- 
tion is injured by seepage from higher land; that the first 2 feet of 


soil consist of loam, the next 4 feet of clay, and that under the clay is F - 


a layer of sand a foot thick, followed by more clay. The depth to 
the top of the sand is, therefore, 6 feet, and if a drain is installed 6 
feet deep it will lie on top of the sand layer. As may be expected, 
the damaging water seeping from the higher land moves through 


this sand layer, therefore the drain fails to intercept it and thef 


drainage system is a failure. Moreover, the sand makes a very un- 
stable foundation for a drain and the tile is likely to get out of 
alignment, off grade, or even to be up-ended and filled with sand. 
Even if none of these things happens, there is great danger of sand 
and silt making their way into the tile and obstructing it. It is quite 


evident that the drains should be laid on the clay underlying the f 


pervious stratum or perhaps be bedded slightly into the clay. In 
that case there would be no danger of the tile getting out of position 
and the drain would be very effective. Thus an additional foot in 
depth often makes the difference between success and failure. It is 
necessary to know the existing underground conditions in each cas 
before the proper depth can be decided upon. 

Much the same situation would arise if the soil were a sand with 
a hard, impervious layer at 7 feet. Water reaching the tract by 
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seepage from higher land would be likely to move along the im- 
pervious layer, and if a drain be laid at a depth of 6 feet the water 
would continue to pass under it and the tile would be likely to 
become displaced and obstructed. Manifestly the correct practice 
would be to lay the tile on or slightly in the hard, stable stratum. 
Even if the soil be homogeneous the question of depth is of great 
importance. In such a case the effectiveness of the drain increases 
with the depth. A line drawn along the surface of the water table 
from one drain to the next is a curve which rises rapidly away 
from the horizontal near the drains, but is very flat midway be- 
tween drains (fig. 6). If the depth of the drains be increased, the 
depth to this curve is in general increased at every point. Thus 
with drains at a given distance apart, the drainage is improved 
greatly over the whole area, or the same minimum depth may be 
obtained with the drains placed farther apart. It becomes a plain 
economic problem, . i pl a il MR ai 
therefore, and costs goXpuwerd papi Miedo: u anit sp he ta wel, 
must be compared ; 
carefully to deter- 
mine whether a few 
expensive, deep drains 
are cheaper than a 
greater number of 
comparatively. shal- 
low drains. Drains 8 


| to 10 feet deep, and 


Fic. 6.—Cross section through soil, showing profile of 


even more, have been ground-water surface between drains. 


installed, and they 

have been more effective, requiring fewer lines, but their cost per unit 
of length is greater and their construction somewhat more difficult. 
It is questionable whether they are more economical except under 
special conditions. 

It is not always true, however, that the effectiveness of a drain 
increases with the depth. For example, in a subsoil that changes 
from a sand to a compact, relatively impervious clay at 6 feet, it 
would not be wise to install drains at a depth of 10 feet since they 
would then be laid in material that yields very little water, and the 
effectiveness of the system would be little greater than if the drains 
were installed only 6 or 7 feet deep, and the expense of the extra 
cutting would be wasted. There is even a possibility that the drains 
would be ineffective at such depth. If the subsoil is a joint clay, 
however, it will be found to drain as readily as sand. 
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Drains having a depth of from 2 to 4 feet, such as are employed 
in humid sections, are practically worthless in the reclamation of 
irrigated lands. 








SPACING AND LOCATION OF DRAINS. 





The landowner contemplating drainage invariably asks the ques- 
tion, “ How far apart should drains be placed in draining irrigated 
lands?” This question, like that as to the proper depth of drains, 
does not admit of a definite answer. The question is more one of 
location than of spacing, and the two factors must be considered 
together, the latter usually depending largely on the former. 

The damaging water may have several sources of supply and, as 
likely as not, it will be moving laterally through the soil instead of 
percolating downward from surface application. The chief sources 
of supply, aside from direct precipitation and the melting of snow 
on the ground surface of the tract itself, are downward percolation 
of the excessive water used in the irrigation of the tract, surface 
run-off from higher land, supplied as precipitation, melting snow, 
irrigation or seepage brought to the surface; lateral underground 
seepage from the irrigation of higher lands, and losses from ditches, 
canals, and reservoirs; and, in some instances, direct natural seepage 
from the mountains. 

Ordinary drainage methods would serve for the removal of the 
moisture applied directly to the tract itself, from whatever source, 
but this constitutes the smallest part of the problem. In the ma- 
jority of instances it is necessary to intercept lateral seepage from 
higher lands before the damaging water reaches the tract in ques- 
tion. Often a combined system is necessary. 

In the interception of lateral seepage the question of location is 
of highest importance, while the question of spacing is of little or no 
consequence. One properly placed line of drain will be more likely 
to reclaim successfully the injured area than a dozen lines placed 
at random, however closely they may be spaced. It is not unusual to 
find that a single drain will reclaim a 40-acre tract, when it can be 
located so that it will intercept the damaging water along the line of 
its appearance as seepage. For instance, consider a tract of land in- 
jured by seepage from higher land. The seepage appears usually 
along a belt at the change of slope from a steep to a lighter grade. 
If the subsoil be examined, it probably will be found that there is a 
more pervious stratum of material, say sand, at a depth of several 
feet. This stratum of sand acts like a pipe line, leading from the 
source of supply and pouring the damaging water into the lower 
land, since the flatter slope is insufficient to carry the water away 
as rapidly as it reaches the tract. Now, if a drain is located just 
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below the line of the change of slope, at or near the upper edge of 
the wet area, and is at sufficient depth to cut through the sand layer, 
the flow of water will be intercepted and the water will be carried 
away in the drain without doing damage to the land. (See fig. 7.) 
The conditions must ‘ 

be studied thoroughly 
and to a sufficient 
depth to make sure Wet area — 
that there is no per- Us 
vious stratum under- 
lying the drain 
through which water 
may seep to the lower 
land. In case such a 
stratum exists at a 
depth of, say, 10 feet 
or more, it will not 
be feasible ordinarily to reach it with a drain line, but a drain of 
ordinary depth may be installed and relief wells bored in the bottom 
of the trench to the stratum, thus providing passageways through 
which the water may 

rise and reach the 

Change of Slope, J drain. (See fig. 8.) 

e Whiff After an intercept- 
, My Y ing drain is installed 
and the seepage from 

outside sources is cut 

off the natural drain- 

age of the tract usu- 

ally is sufficient to take 

: U1 Wes care of the water ap- 


Change of Slope-, 


lic. 7.—Drain properly laid to carry off seepage. 


plied to the tract itself, 
but if this is found to 
be not the case it will 
be necessary to install 
ee drains to remove the 
excess water. The 
question of spacing 
may come in here, 
especially if the tract be rather flat and has a fairly uniform 
surface. If the subsoil be clay, with a sand stratum at a depth of 
several feet, drains 660 to 1,320 feet apart will serve. If no sand 
stratum be present it may be necessary to reduce the spacing to from 
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Fig. 8.—Relief well. 
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440 to 660 feet, but if the subsoil be sand the spacing may be greater 
than 1,320 feet, and in the case of gravel subsoil the spacing may 
be a half of a mile or more. Where the subsoil was a coarse gravel 
some very satisfactory systems have been installed with drains every 
half mile, with the depth from 6 to 8 feet. 

If the tract in question be cut up by swales and depressions the in- 
stallation of a regularly spaced system is not advisable. Generally, 
in such a case, the 
drains should be lo- 
cated in the swales. 
(See fig. 9.) The lat- 
ter arrangement has 
some exceptions in 
cases where the sub- 
soil underlying the 


EAE IGA Nees: 
WHEEL LE GMM ey YY swales is less “— 
ous than that under- 
Fig. 9.—Cross section through soil, showing method of lying the higher 
draining swales. Fe 
ground. Often it is 
necessary to have the drain lines run at the edge of the swales, two 
lines being required for each swale. (See fig. 10.) It has been 
found necessary in some instances to locate the drains on the higher 
land. 
The installation of 
drains below the wet YY 


area, with the idea of YY yy Sy ao as en 

drawing out the waiter, iY 

should be attempted ; YY 

only when the subsoil UY Yy Uf ; 

is a coarse gravel, and CML, i eg 
Yi 















As a rule drains in yy, 10.—Cross section showing application of double 
the irrigated section line of tile. This is made necessary by the absence of 
pervious material underlying the middle of the swale. 

run across the natural 


slope rather than down the slope. The reason for this is that with 
the drains running down the slope the damaging water would be 
moving in the same direction that the drains run, and consequently 
very little water would reach the drains, the remainder continuing 
to reach the lower land and doing damage. The only land drained 
would be that in the immediate vicinity of the drain lines. 

The average amount of tile per acre ordinarily employed in farm 
drainage in the irrigated section is about 66 feet. At this rate a 
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mile of tile will drain about 80 acres of land, or a square mile of land 
will require about 8 miles of tile. 


TYPES OF DRAINS. 


There are two general types of drains in use in the irrigated sec- 
tion—the open ditch and the covered drain. Since this discussion 
deals only with the individual farmer’s problem, no consideration will 
be given to the large open canals used for outlets in community or 
district systems. The open ditch, as its name implies, is merely a 
waterway cut into the soil so that it will receive the underdrainage 
from adjacent land. The covered drain consists essentially of an un- 
derground conduit for the collection and transportation of subsur- 
face water. It is superior to the open ditch, except where grades are 
very flat or where the quantities of water to be handled are large. 
The chief reason for using the latter is largely one of economy, and a 
decision as to the type to be used should be made only after all fac- 
tors having a bearing on the subject are considered carefully. 

The open ditch itself takes up considerable space, and the material 
removed in building it usually is of such a quality that it is not wise 
to spread it over the surface of the adjacent land, so additional space 
is lost. Moreover, it is not safe to irrigate land close to such a chan- 
nel, as there is danger of the water breaking into the ditch, with 
consequent injury to it and the land. Even a very small ditch may 
require that a strip of land several rods in width shall be rendered 
useless for agricultural purposes, so that an effective drainage system 
may reduce materially the available acreage of a farm. To keep an 
open ditch open the sides must be made sloping, not steeper than one 
horizontal to one vertical, and to prevent the growth of vegetation 
and the accumulation of mud, etc., in the channel from obstructing 
it the bottom width should be not less than 4 feet, except in gravel 
or stiff clay, where it may be 3 feet, so it becomes necessary to exca- 
vate much more material than in trenching for covered drains. But 
in spite of careful design, construction, and operation open ditches 
are sure to require a great deal of maintenance and repair, and the 
expense for these often amounts te more in the long run than the 
extra cost of covered drains. 

Open ditches are unsightly and provide harborage for obnoxious 
weeds and breeding places for injurious and disagreeable insects. 
Their presence is a constant source of danger to farm animals. 
They cut up the farm into inconvenient and irregular shapes and 
require the installation of farm bridges and flumes in order to 
facilitate communication between the various parts of the farm 
and for the conveyance of irrigation water and waste water from 
tract to tract. Covered drains, on the other hand, are not subject 
to these objections. They take up no valuable space, and if properly 
installed require little or no maintenance. The only way in which 
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difficulty van occur, in connection with vegetation, is the possibility 
of roots choking the drains, and this can not occur if lines are 
kept away from water-loving trees, and if such plants as the sugar 
beet are not grown directly over the drains. 

In order to decide between types of drains, it is proper to add to 
the estimated cost of open ditches a sum sufficient to pay at current 
interest rates a return large enough to pay the annual maintenance, 
which often is 10 per cent of the first cost, and compare this total 
with the first cost of covered drains. For instance, assuming that 
the first cost of the open ditch would be 50 cents per foot and of 
the covered drain $1.25 per foot, if the maintenance cost is 5 cents 
per foot per year for the open ditch and the interest rate is 5 per 
cent, it will be necessary to add $1 per foot to the actual cost to 
pay for the maintenance. This makes the cost of the latter $1.50 
per foot, as against $1.25 for the former. When the maintenance 
cost is considered, the covered drain often will be found actually 
cheaper than the open ditch, and in point of desirability the closed 
drain is much preferable. 

The most suitable material for use in a covered drain is clay tile. 
It should be hard burned but not brittle. The 2-foot length is the 
most satisfactory. The tile should be straight and truly cylindrical 
in shape. The walls should be smooth and free from serious cracks 
and blisters. The ends should be free from rough edges and irregu- 
larities. The tile should be uniform in size and thickness for any 
given diameter. The walls should have fairly uniform thickness at 
both ends and at various points of the circumference. They should 
be very impervious and have a low porosity. The material from 
which the tile is made should be free from foreign ingredients, par- 
ticularly cinders and free lime. 

Pole drains, brush drains, mole drains, rock drains, and cobble 
drains are almost useless in irrigated soils and never should be in- 
stalled. Lumber box drains have been used to some extent as a sub- 
stitute for clay tile, but their use is a doubtful economy. 

There is some doubt as to the advisability of using concrete tile 
as ordinarily made for draining lands containing high percentages 
of sulphates. Field investigations of concrete tile failures indicate 
that when the ground water in contact with the tile contains 3,00 
parts per million of sulphates that concrete tile should not be used 
until tests have demonstrated that the particular tile considered will 
withstand the effects of such salts. 

































SIZES OF DRAINS. 






The spacing of drains in the irrigated section usually is much 
greater than in humid sections, and frequently a single line of drain 
may effect the reclamation of a considerable acreage. From this it 
will be concluded that larger drains will be required in the drain- 
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age of irrigated lands. It has been found that they need not be pro- 
portionately larger, however, since the amount of water which it 
is necessary to take care of is smaller for a given acreage. In the 
arid section there is likely to be a continuous discharge of drainage 
water throughout the year, and frequently the discharge is very 
uniform at all times. However, there are certain maximum flows, 
usually during the period of greatest irrigation application, and it 
is necessary to provide a drainage capacity that will take care of 
such flows. 

If only the required capacity of the drain were considered, it 
would be found feasible to do a great deal of drainage with 4-inch 
and 5-inch tile, but experience has shown that the use of tile smaller 
than 5-inch is not satisfactory, while 5-inch should be used only for 
short branch lines or at the upper ends of branch lines. The follow- 
ing table is offered for purposes of comparing the carrying capacity 
of tile lines of different sizes, on the assumption that all are laid on 
the same grade, which may be any grade. 

Relative carrying capacity of tile of different sizes. 


One— Will carry the flow of— 





6-inch tile_- .| Two 5-inch tiles. 

8-inch tile- .| Two 6-inch tiles. 

10-inch tile One 8-inch, one 6-inch, and one 5-inch tile; or four 6-inch tiles. 

12-inch tile_ - -- One 10-inch and one 8-inch tile; three 8-inch tiles; six 6-inch tiles; or ten 5-inch tiles. 


As a rule, tile larger than 12 inches in diameter is not used in 
individual farm drainage. 

The size of tile required depends on the amount of water to be 
carried and on the slope of the drain. The latter can be decided 
upon when the survey of the land is made and the fall to the outlet 
is measured. The former is not so easy to determine. It depends on 
the location of the tract, the nature of the soil, the slope of the ground 
both on the tract and above it; on the quantity of water used in 
irrigation and on the method of irrigating, both on the tract and on 
higher land; on the rainfall and evaporation; on the seepage from 
reservoirs, canals, and ditches; and on many other factors. Indeed, 
the determination of the required capacity of a drainage system is 
the most difficult problem confronting drainage engineers, and de- 
mands their best efforts. Intricate measurements and calculations 
must be made in each instance. It is therefore impossible to give 
definite instructions in regard to this important matter. It is pos- 
sible, however, to give a general idea of required sizes based on a wide 
experience under a great variety of conditions. The following table 
is intended to apply to fairly uniform land not located at the foot 
of steeper slopes or benches, nor in pockets or depressions, nor 1n flat 
river bottoms where it will receive surface run-off from higher land, 
nor where it will receive water from deep sources by pressure. The 
assumed slope of the tile is 1, 2, and 5 feet per thousand feet. 
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Sizes of tile required to drain given areas having different types of soil ana different 
ground slopes. 





| 1 
Clay with sand stratum.| Sand. | Gravel. 


Slope in feet of fall per 1,000 feet of pipe line. 





Area of tract. = sat 


foot | 2teet | 5feet | 1 foot | 2 feet | Sfeet | 1 foot | 2 feet 
| ! 


‘5 feet 


Sizes of tile required. 


| | 
Inches. | Inches. Inches. | Inches. Inches.| Inches. | Inches.| Inches. | Inches, 
‘ 8 | ; 


8 





_ 
AAAaAAwoo 


| 





If the soil be compact clay, which does not drain readily, a given 
size of tile will drain a larger area than that indicated. If the sub- 
soil be joint clay, the “sand ” table should be used. If the drain be 
located at the foot of a bench or in a gravel pocket, none of the 
above bases will apply. A better basis for design in such cases is 
the length of a given size of tile which it is safe to use. Slopes of 
from 1 to 10 feet per 1,000 feet are assumed. The following table 
will give a rough idea: 


Sizes of tile required for drains of different lengths. 


Slopes in feet of fall per 1,000 feet of : 
I sine fa awe Maximum length. 


——— 

1 foot | 2teet | Steet | 10 feet 
! Ps __| Sand wae 
stratum,| Gravel. 


Sizes of tile required. 





Inches. Inches. Feet. 
1, 300 
809 
500 
200 
100 


For greater slopes smaller tile is required, and for flatter slopes 
larger tile is necessary, the variation in capacity being as the square 
root of the slope. 

For open ditches the bottom width should be 4 feet and the side 
slopes should be at least 1 to 1. Thus for a depth of 6 feet the top 
width would be 16 feet or more, and for a depth of 8 feet the top 
width would be 20 feet or more. 

In the installation of a drainage system it should be borne in mind 
that the improvement is permanent, and that after the tile is once 
covered up it is more expensive to uncover and re-lay it with larger 
tile than to install a new drain, so it is false economy to cut down on 
the size of tile. It is much better to err on the side of too great 
capacity than too small. 
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CONSTRUCTION METHODS. 


In many instances owing to lack of humus the soils of the arid 
region are very fluxible when wet, and the construction of drainage 
systems is very difficult and requires painstaking care and ingenuity. 
Special methods and devices have to be employed, and special ma- 
chinery has been developed. 

Drain lines must be laid out carefully and grade stakes set. The 
ccmpleted drain must be true to grade and as straight as possible. 
For hand trenching it is advisable to stretch a cord on the ground 


along one edge of the 
Forged DrivingCap  . .° .” 


proposed trench to ob- — Cononwood Mau! 
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above the grade of the cri Sn 
drain, as shown in the 
illustration on the title | 
page. Astout cord 
then may be stretched ih 
over the middle line of | 
the trench from plank 
to plank and every 
point on this cord will 
be the given height 
above grade. Grade 
may be established at 
one end of each tile 
with a grade pole hav- 
mg S length equal to Fia. 11.—Sheeting and method of installation for drains in 
the distance from the fluxible soils 

cord to the proper 

location for the tile. This may be accomplished by keeping the cord 
taut by suspending a tile or other weight at each end and measuring 
down from the cord at the desired points. 

Construction work always should start at the outlet of each line 
and proceed up the slope, so that the water developed will drain 
away. 

In installing covered drains either hand labor or trenching ma- 
chinery may be used. Frequently on small projects hand trenching is 
cheaper, but usually on larger projects machines can do the work 
more rapidly, economically, and satisfactorily. It is preferable to 
let a contract for the work to an experienced and capable contractor. 
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If hand labor is used it usually is necessary to operate with small 
gangs, ordinarily about a half dozen men to the line, as the trench 
must be opened from the top to the bottom as rapidly as possible 
and the tile laid and blinded before caving takes place. The men 
should work as closely together as practicable and not even the first 
spading should be taken more than a rod in advance of the tile 
laying. Each man should remove a spading, moving backward at 
the same time. The man removing the last spading should also 
grade the bottom. He should not. step on the finished bottom and 
no one should stand near the edge of the trench, nor should wagons 
or material of any sort be permitted near the trench. The soil re- 
moved from the trench should be placed as far back as it conven- 
iently may be. The tile should be laid at once and blinded by means 
of a few inches of earth caved from the edges of the trench. If the 
banks tend to cave off in large chunks or slabs it will be necessary 
to brace them apart with planks separated by stout crosspieces or 
trench jacks. 

A very troublesome condition is that in which the presence of a 
wet, pervious stratum near the bottom of the trench causes a lateral 
and upward movement of the soil in the bottom of the trench. In 
such a case it is necessary to provide a tight cribbing to shut out the 
oozing material. A design for such a cribbing is shown in Figure 11. 
It consists of two heavy timbers, held apart by trench jacks, behind 
which is driven lumber sheeting properly matched and beveled at the 
lower ends to insure a tight fit. The sheeting may be driven by 
means of a heavy maul and may be removed with a three-legged 
derrick and a special grabhook like that shown in the figure. 

If the soil in the bottom of the completed trench is so soft that it 
will not support a man’s weight, gravel should be tramped into it 
to form a foundation or wooden racks or cradles should be laid 
under the tile to keep it in line and on grade. If conditions are 
exceedingly bad it often is advisable to use sewer pipe in place of 
drain tile, as the bells aid in keeping the line intact. Second quality 
sewer pipe is suitable and generally may be purchased at about the 
same price as drain tile. Under ordinary conditions, however, the 
use of sewer pipe is not recommended, since the cost of freight and 
hauling is higher than for drain tile and it is heavier and more difk- 
cult to handle. Also in stable ground it is necessary to dig out 
places for the bells, which considerably increases the cost of trench- 
ing. 

Tile should be laid with extreme care. The joints should be as 
close as possible, and if the soil is semifluid and contains much fine 
sand and silt it will be necessary to provide some means of keeping 
the oozing material from entering the tile joints. Almost all the 
water entering tile lines makes its way through the joints, practically 
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none entering through the walls of even the more porous tile, so the 
covering for the joints must provide for the ready passage of water. 
Straw makes a very good filter when new, but it is likely to decom- 
pose and form a sticky, impervious mass over the joints. Brush and 
willows are not satisfactory and render any subsequent removal of 
the tile very difficult. Graded gravel, ranging in size from sand to 
pebbles an inch in diameter, makes an excellent filter, but it is not 
always available. Cinders also are satisfactory. Strips of burlap 
wrapped about the joints give good service temporarily. The custom 
of merely laying strips of building paper over the tops of the joints 
can not be commended, since the greatest tendency is for the sand 
and silt to enter at the bottom of the joint. Wide strips of heavy 
tarred roofing material should be wrapped entirely around the joint, 
or a wide strip of the material should be unrolled onto the bottom of 
the trench, as the tile is laid, and then strips laid over the joints, 
joining the longitudinal strip, after which the filter material should 
be placed around and over the joint. 

The more pervious materials should be placed adjacent to the tile. 

The backfilling may be done with a plow with three or more horses 
and a long pole evener, or with a scraper, road grader, or go-devil. 
Recently power backfillers have been placed on the market. All the 
soil should be returned to the trench and be banked up over it, so 
that future settling will not leave a depression over the drain. 

In machine trenching it generally is necessary to draw a portable 
shield after the machine in which the tile may be laid and blinded 
before caving takes place. Figure 12 shows such a shield in use in 
trenching in unstable soil. There are several types of suitable trench- 
ing machines, but as machine work usually is let by contract, the 
choice of type must be left to the contractor. 


DEVICES. 

































Bulkheads and outfalls—The outlet of a drainage system should 
come in for more consideration and attention than usually is given 
to it. If the tile line discharges into a deep ravine or river channel 
at some distance above the water level an outfall should be provided. 
This may consist of a corrugated iron pipe extending far enough 
out over the bank to discharge the drainage water directly into the 
stream without striking the bank and causing erosion. The other 
end should be anchored by means of a concrete wall and a careful 
connection with the tile line must be made so that water will not 
find its way along the outside of the conduit. The iast few joints 
between tile should be cemented. 

If the drain discharges at or near the water level or bottom of a 
channel, a concrete, brick, or timber bulkhead should be constructed 
to prevent injury from frost and from the caving of the banks, and 
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to prevent the washing out of the tile line at the lower end. Care 
should be taken that it has a good foundation, in order that it may 
not be undermined. Figure 13 shows a cheap and easily built con- 
crete bulkhead. A net work of heavy wires or small rods of copper 
or galvanized iron should be placed across the outlet to keep out 
small animals. A length of corrugated-iron pipe makes a very satis- 
factory outlet for a tile drain. 

Manholes—If the soil contains much fine sand a combination 
manhole and sand trap about 4 feet across should be located on large 
main lines at sharp changes in direction, as well as at every change 
from a steep to a lighter grade. Such a device serves as an observa- 
tion well in which the flow may be seen and the general conditions 


Fig. 12.—Tile trenching machine with shield to prevent caving in unstable soil. 


of the system watched. It also serves as a settling basin for any 
sand or silt that may be carried by the drain, and if the trap be 
made to extend a foot or two below the drain, a chamber is formed 
in which a considerable amount of sediment is held until it can be 
removed. The manhole may be provided also with a surface inlet 
to make it possible for the drain to take care of surface water and, 
if desired, to provide for flushing the drain. As a manhole proper 
it provides a means for the operation of a root-cutting or drain- 
cleaning device operated by sewer rods. If it is expected that such 
work will be necessary, the drains should be laid out in straight lines 
with grades as uniform as possible, and a manhole should be provided 
at each junction, change in slope from steep to a lighter grade, and 
on straight sections at intervals of not to exceed 500 feet. 
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The most suitable manhole is built of corrugated-iron pipe, as 
shown in Figure 14, but lumber is often used. When built of lumber, 


9-inch material should be used. 
Figure 15 shows a simple type 
of manhole, constructed of 
lumber and so designed that 
the earth pressure will main- 
tain it in spite of the failure 
of the nails. In most places 
the manhole should be pro- 
vided with a bottom and it 
always should be fitted with 
a cover that can be locked 
down. 

Observation wells.—If little 
sand be present, rendering 
sand traps unnecessary, it 
still is desirable to pro- 





Fic. 13.—Concrete bulkhead for use at outlet 


of tile drain. 


vide for observation of the flow at points throughout the system. 





Fic, 14.—Manhole constructed of corrugated-iron pipe. 


Nothing serves this pur- 
pose better than a verti- 
cal stack of large-sized 
second-grade sewer pipe, 
extending from a little 
above the surface of the 
ground to a foot or more 
below the tile line, and 
having holes cut in the 
lower length to accommo- 
date the drain. Such a 
device is shown in Figure 
16. As may be seen, a 
small settling space is 
provided, from which sed- 
iment may be removed 
with a telephone spoon. 
A cover always should be 
provided and the joints 
should be cemented. This 
device costs little and oc- 
cupies small space. If de- 
sired, the top section may 


be removed subsequently, a cap provided for the second section, 


and cultivation be carried on directly over the top. Such a deviee 
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also may be installed for inspection purposes between regular 
manholes. 

Angle boxes.—A change in direction of line on laterals located in 
firm soils should usually be made gradually by a smooth curve, 
Where the soil is unstable, angle boxes should be used. They should 
also be used on large main lines where the change in direction is not 
sufficient to warrant the construction of a manhole. Angle boxes 
are constructed simi- 
lar to that shown in 
Figure 16. Corru- 
gated-iron pipe with 
a suitable cover may 
also be used for this 
purpose. 

Surface inlets and 
flushing wells .—A 
vertical stack of pipe 
is useful also as a sur- 
face inlet or flushing 
well. Figure 17 
shows how it should 
be installed. The bot- 
tom should be paved 
with coarse gravel 
and the top provided 
with an iron grating 
and a mound of gravel 
or crushed stone. The 
backfill should be well 
compacted around the 
‘ 5 stack. Such an inlet 

Poa ; should be installed 
F1G, 15.—Combination manhole and sand trap with cover that wherever a drain 
does not depend upon nails to hold it together. é 

crosses a depression or 
flat, so that the waste water or storm water may not pond long enough 
to puddle the soil or “ burn” the crop. During irrigation the entrance 
of water may be prevented by throwing up a circular ridge of earth 
around the mound. One of these devices also should be used at the 
upper end of each branch line. The first few lengths of tile in the 
drain should be a size larger than the tile designed for the drain, so 
the water will not be retarded in its progress into the drain. 
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ular Flumes.—Flumes should be provided for all canals and ditches 

that cross above underdrains, and care should be taken to prevent 
din large quantities of water from flowing across drains, particularly 
Irve, during the first few seasons after the installation of the system. 
ould Relief wells —The source of damaging water often is in some deep, 
5 not pervious stratum, and the movement is upward. The stratum is con- 
oe nected with a higher-lying source Stee! Chain orlron band with Rings 
um - of supply, and the water is under OR er 
n in pressure. Ordinary methods of y acne 
= drainage avail little since the dam- : 
with aging water rises between drains ey c i 
—_ however closely they may be ‘ ’ 8 , 
this spaced, and it is not unusual to wa 9 FE: 

find water standing on the ground } y XN rp 

surface within 10 feet of a drain Wy i: 

6 feet or more in depth. The ey ie 

. YY 4 

source of the water may be in sy S| 

gravel, sand, stratified shale, sand i ye 

rock, or lava. A pressure condi- ‘FG Ue 

tion has been found even where the Ss yh 

only change in subsoil conditions @aulasdSi K alii < 

was in the nature of the clay strata. {9/7 am 6’ Outlet oe 

To meet the condition it is nec- We Bas 

ravel — essary to install relief wells con- i Bei 
ided necting the pervious stratum with 
ting fa tile drain laid at ordinary depth. 
ae The pressure causes the water to Fic. air ntern eet ang sand trap 

rise through the relief wells which 
well | act as vertical drains. The sole purpose of the ordinary drain is 
1 the te carry off the water brought up by the relief well, and it accom- 
inlet 
illed aim, 2° ove, Mound plishes little or no direct 
os drainage. Figure 18 
oo shows a relief well in the 
— bottom of a trench. The 
ough tile had not been installed 
‘ance 


when the view was taken. 
With the pressure relieved 
at the drain level the 
damaging water no longer 
can make its way to the 
ground surface within the 
area affected by the well or system of wells. It is necessary in each 
case to determine the required number and spacing of the wells and 
the best indication is the effect of one well upon another. 


arth 
t the 
1 the 


n, so Iie. 17.—Surface inlet and flushing well built up 
of large tile and sewer pipe. 
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An earth auger may be used for the installation of relief wells 
in ordinary soil, but in shale or rock it is necessary to use a well- 
drilling outfit. Often it is necessary to drill to a depth of from 
20 to 50 feet. Usually relief wells must be cased. A vertical stack 
of tile or an iron pipe may be used for this purpose. Wooden 
tubes also have been employed. The casings should be a little off 
the line of the drain, to which they should be connected carefully 
so there will be no danger 
that they will silt up in 
periods of inactivity. 


COSTS. 


Owing to the great va- 
riety of conditions met in 
the drainage of irrigated 
lands, the cost of such 
work varies over a wide 
range. Chief among the 
many factors influencing 
cost are the size of the 
tract to be reclaimed, its 
relation to stirrounding 
tracts, the degree of wet- 
ness, nature of the soil, 
type of drain installed, op- 
portunity of obtaining an 
outlet, availability of ma- 
terials, distance from fac- 
tories and from railway 
connections, quality and 
cost of labor, feasibility of 
using machinery, season in which the work is done, knowledge of 
the man in charge, and method of handling the construction work. 
Experience in practically all the Western States, under many dif- 
ferent conditions, shows that the cost of draining ordinary-sized 
farms having an average soil that is neither so hard as to require 
picking nor so soft that serious caving of the banks of trenches will 
take place, ranges from $15 to $45 per acre, with the average $30 
per acre. If hardpan, rock, or shale be present, or if the soil be flux- 
ible, the cost may run up to $50 per acre, or even more if much tight 
sheeting of the trenches is necessary. In a few special cases drainage 
of small tracts in the midst of unreclaimed lands has cost between 
$75 and $100 per acre, but these costs represent situations that would 
not be encountered in regular operations. 





Fig. 18.—Relief well in bottom of drain trench. 
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In regard to costs per unit of length of drain it may be said that 
clay tile at the factory ranges in cost from about 2 cents per inch of 
inside diameter per foot of length for the smaller sizes up to about 
2} cents in the larger sizes. Hand trenching for tile up to 12 inches 
in diameter, under ordinary conditions, ranges in cost from 15 to 25 
cents per linear foot for an average depth of 6 feet, with the cost 
increasing about 50 per cent for each additional foot, while trenching 
in hard or fluxible material will run up to more than 25 cents per foot 
for 6-foot trenching. Rock work would of course be much higher. 
When tight sheeting is required the work will cost 50 cents or more 
per linear foot. Machine trenching usually is cheaper than hand 
trenching. 

ALKALI RECLAMATION. 


The reclamation of some alkali soils is readily accomplished by 
drainage and leaching. Other soils, because of their physical proper- 
ties and the chemical nature of the alkali salts present, are reclaimed 
with difficulty and at considerable expense in time and money. In 
the soils readily reclaimable it is only necessary, usually, that the 
salt content be reduced to the limits of plant tolerance. In the more 
stubborn soils the physical condition of the soil must also be im- 
proved and its organic content increased. 

If expedition be desired in the removal of salts, or if natural 
precipitation and irrigation are insufficient to effect a satisfactory 
reduction in the percentage, a good-sized stream of irrigation water 
should be turned on the land and allowed to percolate through the 
soil as rapidly as possible. This is best accomplished by dyking the 
land into checks and ponding the water as deeply as feasible, each 
check having as large an area as the slope of the ground and the 
amount of available water will permit. In no case should an attempt 
be made to flush the salts from the surface. They must be leached 
out and carried downward in solution to the underground reservoir. 
The desirability of using large checks and liberal quantities of water 
is due to the fact that capillary attraction is equally effective in all 
directions, and it is necessary to offset the tendency of the salts to 
move laterally in the soil and reappear on a higher or dryer portion 
of the tract. For this reason it is required to make sure, in flooding, 
that all the surface is covered, even if knolls and ridges must be 
leveled first. It is advisable generally to cultivate a field thoroughly 
before the leaching process, but in some cases 1t has been found to 
be more satisfactory to flood first and then cultivate as soon after- 
ward as possible. If the subsoil be so impervious that the leaching 
water does not percolate readily, it may be necessary to resort to 
subsoiling or blasting. 
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The following actual example of reclamation is offered to demon. 
strate the principles that have been stated: 

Before drainage the ground water on a certain tract stood within 
2 feet of the surface, which was covered with a white crust of alkali 
salts. Nothing of value grew on the tract, the only vegetation being 
an occasional salt weed. The average salt content for the first 4 
feet of depth was 2.25 per cent of the soil. A drainage system was 
installed and in a month’s time the excess water in the soil had run 
out, so that the ground water table was practically down to the level 
of the drains. This excess water contained a great deal of salt in 
solution, so that analyses made at the end of the month showed that 
the average salt content for the 4 feet had been reduced to approxi- 
mately 1 per cent. The ground surface was cultivated and irrigated 
with a limited supply of water and some crops were planted, but 
gave only fair results. Meanwhile the higher temperature of sum- 
mer had increased the evaporation and it was found that the average 
salt content for the 4 feet increased to 1.28 per cent in spite of the 

1915 3.25%  8efore dranage. drainage. A near-by uncul- 
APRIL tivated and unirrigated spot 


%o , : 
MAY 2 {fect of removal of which had been affected to 


JULY Effect of irrigation some extent by the drain- 


— 13%. YY sprinkling in summer . aes ya a 
OCTOBER ee -Efrett Pama Flooding. age sy stem show ed an aver- 
age salt content for the first 


Fic. 19.—Diagram showing typical reclamation of i a 
alkali lands. Quantities are percentages of total 4 feet of 1.51 per cent. It 


ee was evident that drainage 
alone would never reclaim the tract, so a heavy flooding was given 
it with the result that the average salt content for the first 4 feet 
was reduced to 0.43 per cent, which is less than one-fifth of the 
original content. At this time the near-by uncultivated spot showed 
an average salt content for the first 4 feet of 1.73 per cent, an 
increase which was due to the flooding of adjacent land while the 
spot itself remained dry. Further irrigation and flooding of the 
drained tract, together with the beneficial effects of precipitation, 
reduced the salt content of the soil to 0.20 per cent. The results of 
this experiment are shown graphically in Figure 19. 

Land should be cropped as soon as possible after reclamation; 
some crop which will shade the ground is preferable. If possible, 
the plants should be more or less alkali resistant. It must be kept 
in mind that the harmful salts are brought to the surface of the 
ground in solution by the capillary action of the soil and that they 
are deposited upon the surface when the solution is evaporated; 
hence the advisability of planting shading crops which reduce the 
evaporation. Artificial or soil mulches accomplish the same thing, 
and if shading crops are not planted the soil should be kept well 
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stirred. Subsoiling, in addition to assisting the leaching water to 
percolate to the drains, retards the upward movement of salt-laden 
water. 

Copious amounts of water should be used in irrigation and the 
water should be spread at once over as large areas as possible, mak- 
ing sure that the ground is covered as uniformly as may be. Waste 
water should not be allowed to run off the tract, as it is only the 
water that percolates downward that removes an appreciable amount 
of salt. However, water should not be allowed to pond in depres- 
sions or elsewhere for any considerable time after the head is turned 
off. If there is a tendency for the water to pond in this manner, 
either the depressions should be leveled up or surface inlets to the 
drain lines be provided, so that the excess may be removed in a short 
time. 

Alfalfa and sugar beets are fairly resistant to the effects of alkali 
salts and shade the ground surface well. Alfalfa is a valuable crop 
anywhere in the irrigated section and sugar beets are being planted 
over a large portion of the West. Sweet clover, while not so valu- 
able a crop, is very useful in reclamation work. All of these crops 
may be used in restoring; humus to the soil. Grains do fairly well, 
barley being the most resistant, but they do not offer much shade 
or add greatly to the humus content of the soil when plowed under. 
For best results grain should be planted in the fall so that the plants 
may become sturdy before the salts become concentrated on and near 
the surface the following spring. It has been shown by Thomas H. 
Kearney that the cane sorghums, and to a less degree the grain 
sorghums, are adapted to use on reclaimed lands. 


MAINTENANCE. 


If an underdrainage system be of proper design and construc- 
tion, the matter of maintenance is of small consequence. If silt has 
accumulated in the tile lines during construction they should be 
cleaned out before the job is accepted. Irregularities due to the set- 
tling of the backfill should be corrected so that irrigation water will 
have no opportunity of making its way directly into a drain line. 
Vegetation that is likely to develop roots in the tile and obstruct the 
drains should be removed from the vicinity of the lines. Silt may 
continue to find its way into the tile lines for some time. This will 
be caught in the sand traps and should be removed from time to time. 

In cases of serious obstruction of the tile by sediment or by the 
growth of roots, the conduit may be cleared with special cleaning 
devices, a number of which have been developed. These are very 
useful during construction in keeping the suspended matter in mo- 





1 Kearney, Thomas H. The Choice of Crops for Alkali Lands. U. S. Dept. of Agri- 
culture, Farmers’ Bulletin 446, pp. 20-21. Out of print. 
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tion near the point of laying until sufficient water is developed to 
carry the material along. After the system is put in operation they 
may be used to clean out such roots as may have penetrated the tile 
line through the joints or to clear the line of obstructions caused by 
sand and silt. One of these devices is in the nature of an auger, 
while another is built like a small hoe. For the removal of roots an 
apparatus involving a spiral cutter is used, or, better still, a sort of 
wire brush. The latter is also useful in removing other obstructions 
and may be made easily by wrapping a piece of leather belting 
around a cylindrical wooden rod, first having driven the belting full 
of nails of such length that the outside diameter of the completed 
brush is somewhat smaller than the inside diameter of the tile to be 
cleaned. A still simpler device, and one that has proved very satis- 
factory, is a bunch of barbed wire. These devices may be operated 
most conveniently by means of jointed sewer rods. The latter are 
made up in 8 or 4 foot sections, fitted with couplings so arranged 
that they may be joined when two sections are placed at right angles, 


Fig. 20.—Sewer rods and tile-cleaning devices. 


and are locked together when the two sections are in line. Working 
in a manhole 4 feet across, a man can easily put together and operate 
several hundred feet of rod in a tile line. Figure 20 shows a set of 
sewer rods and cleaning devices that have given satisfaction in 
operation. 

The operation of drainage systems should be observed frequently 
by examination of the flow at the outlet and through manholes, 
observation wells, etc., and if any portion becomes inactive it should 
be looked after at once, for it should be remembered that the dam- 
aging alkali salts have not been removed entirely by drainage, and 
that a subsequent rise of the ground-water table certainly will be 
followed by a new accumulation of these harmful substances. 


NECESSITY AND ADVANTAGES OF COOPERATION. 


Frequently it is not feasible for one individual to drain alone, and 
it is almost never economical to do so. The unit cost of drainage 
decreases as the size of the tract increases. This is due partly to 
the fact that a system installed on a small tract receives water from 
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without the boundaries of the tract and accomplishes more or less 
complete drainage over a considerable area. Furthermore, the unit 
cost of all materials and operations is less on the larger projects, and 
the required capacity of drains becomes relatively smaller as the 
unit becomes larger while the cost per unit of water carried is much 
less in the case of large tile than in the small. Economy demands 
that tracts as large as possible be handled as units, and where the 
land is owned by a number of persons it is necessary that some sort 
of cooperation be effected. Cooperation by mutual agreement usually 
is difficult and sometimes impossible to secure, owing to an unpro- 
gressive spirit among some of the landowners. Cooperation under 
an official organization is much more satisfactory and effective, and 
the legislatures of practically all the Western States have provided 
Jaws under which cooperative work may be done. 

In general, these laws provide for the formation of drainage 
districts and for their government, prescribe their powers and privi- 
leges, and outline the duties of their officers. The direction of the 
business of a drainage district is in the hands of a board of drainage 
supervisors who are appointed by the county commissioners or the 
district court, depending upon which is the recognized authority 
in the matter of formation of drainage districts. Drainage dis- 
tricts may exercise the right of eminent domain and bonds may be 
issued to pay for the construction work. The bonds are retired by 
assessments collected in the same way and as a part of the regular 
taxes against the property, so that the cost of reclamation is borne 
by the returns from the land and is not a direct burden on the land- 
owners. The construction work should be done under the direction of 
a drainage engineer appointed by the board of supervisors. 

The usual procedure is to present a petition to the court or board 
stating that the lands are in need of drainage and that the benefits 
of reclamation will exceed the sum of the damages caused and the 
cost of the work. Hearings are held after due notice has been given, 
and the district is organized as a legal institution. In most States 
the organization of such districts is effected so easily and the opera- 
tion under the law is so simple that it is advisable to make use of 
this method in carrying out the work. 


CONCLUSIONS. 


The drainage of wet and alkaline lands in the irrigated section is 
generally feasible and may be accomplished economically if properly 
done. Such drainage must be the basis for the reclamation of these 
lands. Tile drainage is recommended for farm practice. Thor- 
ough studies of subsurface conditions must be made before success- 
ful systems can be designed. 
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